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INN WATER
EXECUTIVE SUMMARY

This document, Deliverable D4.3: Methodology for analysing the socio-economic
performance of Household Water Demand Policy, is part of the InnWater project (Promoting
social INNovation to renew multi-level and cross sector WATER governance). It falls under
Work Package 4: Digital tool for water governance and Task 4.3: Domestic water tariff
dashboard. The project itself is funded by the European Union's Horizon EUROPE research
and innovation program and UK Research and Innovation.

The primary objective of Task 4.3 is to develop a microsimulation model (MMS) to assess the
socio-economic performance of water pricing policies for domestic uses, particularly the
Increasing Block Tariff (IBT) scheme. This particular deliverable sets out the methodology for
evaluating a single pricing policy, mostly at a municipal scale, and also some elements related
to the evaluation of a set of water pricing policies (with the up-scaling operation of the basic/
disaggregated MMS). Its broader aim is to inform public decision-making on water pricing,
providing stakeholders with useful and relevant information on socio-economic
consequences for both diagnostic and exploratory purposes.

The methodology involves a digital tool with three main features. It is based on econometric
estimates of local household water demand functions (using data from Reunion Island for
demonstration purposes) which are crucial for identifying (and quantifying) consumption
determinants such as family size, household income, and tariff parameters. It employs
academic indicators from water economics and other fields of social sciences to measure
performance across five key areas related to the European Water Framework Directive (EU-
WEFD):

Affordability: assessing whether households can meet their water needs at socially
acceptable economic conditions, measured by indicators like the Conventional Affordability
Ratio (CAR) and Potential Affordability Ratio (PAR);

Incentive effect of pricing: measuring the tariff's ability to encourage water conservation,
including the impact on consumption and the prevalence of overconsumption due to tariff
misperception;

Economic efficiency: analyzing the welfare gains and losses generated by IBT implementation,
using concepts like aggregate (social) surplus and consumer surplus;

Equity: examining the redistributive impacts of the water pricing policy, including cross-
subsidy system (implemented by progressive pricing), social targeting quality, and effects on
household income inequalities (e.g., using Lorenz curves and Gini index),

Cost recovery (quality of the funding): évaluating the financial sustainability of the domestic
water (and wastewater) service, by analyzing operating results and financing structures.

And, finally, it is based on French regulations governing the pricing of drinking water and
wastewater services which includes some basic principles like the "Water pays for Water"
principle (with service funding provided by domestic users and sales rather than through
taxation) or the "Universality of service" principle (the latter prevents social pricing of water
domestic uses with specific tariff for poor household).
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The MMS is structured around five modules: Population, Tariff, Demand, Invoice, and
Evaluation, each handling specific data and calculations. It is developed as a web application
in Python and Angular. The project plans to release the tool under a gpl-3.0 license, promoting
open access and collaborative development.

Part of this deliverable focuses on the "scaling up" operation (which, to the best of our
knowledge, is a first) . This aims to transform the MMS from a municipal-level tool to one
capable of providing information at larger geographical scales, such as river basins. This
expansion is motivated by the need for macro-level understanding, better targeting of
support measures, and support for multi-level water governance. The scaling-up design
involves encapsulating the basic MMS, creating PopulationResults objects and Aggregators
to handle diverse aggregation methods (e.g., weighted average, variance decomposition),
and integrating a geospatial database (SQLAlchemy) for French administrative divisions (from
basin to IRIS INSEE) to deal with crucial spatial dimension. This comprehensive architecture
allows for the central execution of municipal simulations and subsequent aggregation to user-
defined administrative levels. Once completed, this expansion will enable the measurement
of spatial inequalities and aggregate performance across specific sub-areas, utilizing new
geospatial indicators.

The EU-added value of this work lies in its potential to significantly improve water governance
related to water price setting. By integrating academic methodology (and knowledge) into
operational digital tools, it provides relevant information for diagnosing existing policies,
exploring proposed ones and highlighting the actual trade-offs between various policy
objectives. Once completed, the up-scaled MMS is also expected to (i) enable better targeting
of support measures, by identifying spatial disparities and inequalities, and (ii) facilitate multi-
level governance and dialogue among diverse stakeholders by providing a common and
shared evaluation methodology.

This work is interlinked with other InnWater project actions as it directly feeds into the
development of the broader digital tool (WP4). Ultimately, it supports InnWater's overall goal
of promoting social innovation in multi-level and cross-sector water governance by providing
robust, data-driven decision support. The ultimate goal is to serve as a Decision Support Tool
(DST) to inform public decision-making. Some of the information provided by the DST could
also be used to induce and foster Citizen Engagement in water grovernance
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ACRONYMS
A Tariff “Tarif Assainissement” (Wastewater Tariff)
CA Consortium agreement
CTM "Colt Total Moyen" (Unit Total Cost)
cv "Cout Variable" (Variable Cost)
CVM "Co(t Variable Moyen (Unit Variable Cost)
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MMS “Modele de Micro-Simulation” (Microsimulation Model)
RV "Recette Variable" (Variable Revenue)
RVM "Recette Variable Moyenne" (Unit Variable Revenue)
TBSE “Tarification Bindme Stucturellement Equilibrée” (Two-part Structurally Balanced Tariff)
WP Work Package
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| - INTRODUCTION

One of the deliverables of the InnWater project is a microsimulation model (MMS) that enables
to assess the socio-economic performance of the water pricing policy (Linear Tariff, Two-part
Tariff, Increasing Block Tariff) for domestic uses which is implemented by a water company, the
stakeholders involved in water price setting more generally, in the area (most often, a city) in
charge. This assessment is carried out by means of a dashboard and the use of "appropriate"
indicators in each of 5 major fields of analysis related to the European Water Framework
Directive (EU-WFD): Affordability; Incentive effect of pricing; Economic efficiency; Equity; Cost
recovery (quality of the funding). This report presents the prototype (and the related
methodology on which it is based) that was created during the implementation of the project.

This digital tool has three main features. The first is to be based on econometric estimates of
local household water demand functions, that is on the estimated causal relationship that links
household water consumption to its main determinants (size and composition of the family, level
of income, tariff parameters ...). Coupled with the database used for its estimation, knowledge
of the water demand functions of local households does provide essential information to carry
out some relevant public policy evaluations, whether for diagnostic or simulation purposes. The
information in question refers mainly to:

. the measurement of the volumes of water that are necessary to meet the basic needs of
households (and that change across the population);

. the extent of overconsumption (linked to tariff misperception when the pricing structure is
complex) ;

. the price-responsiveness of water demand (including the degree of the proper perception of
the tariff).

The tool then uses, for demonstration purposes, a specific econometric model, namely the one
estimated for Réunion Island by Binet, Carlevaro and Paul [2014], referred as BCP in the following.

The second main feature of the tool is to use academic indicators that are commonly applied in
the field of water economics or in other areas of economics (like economics of poverty,
economics of taxation, economics of production, banking and finance ...) to evaluate the water
pricing policy that isimplemented by the water company. These indicators, which are not actually
used by the stakeholders involved in water price setting, are relevant for measuring what it is to
measure regarding the various performance points of the water pricing policy (connected with
the EU-WFD). However, their implementation requires some knowledge of the household water
demand functions and also some knowledge of the socio-economic composition of the customer
population (facing the water pricing policy that is to assess). This information is precisely provided
by an econometric model of household water demand, including the database used for its
estimation, provided the latter is tailored to local conditions. In fine, the combination of these
two elements forms a Decision Support Tool (DST) that can be used to inform public decision-
making on the complex socio-economic consequences of drinking water (and wastewater) pricing,
or even to identify optimal policies (for some well-defined decision criteria of local public
decision-makers), once coupled with powerful mathematical optimisation software.
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The third feature is about the water pricing scheme that the tool is primarily intended to assess,
namely the Increasing Bloc Tariff! (IBT). IBTs are a pricing scheme that is increasingly used by
water managers and public decision makers (in Reunion Island, all the 24 cities make use of this
pricing scheme) based on a "social incentive" approach. Basic argument states that IBTs:

- by setting low prices for first cubic meters, enable the households to meet their basic needs
at socially acceptable economic conditions (and thus meet the affordability objective set by
the EU-WED);

- by setting high prices for high consumption levels, induce households to adopt water-saving
behaviours (and thus meet the "Incentive effect of pricing" objective set by the EU-WFD).

This pricing policy also requires a proper calibration to be financially well-balanced (and meet the
"water pays for water" principle), with “taxes” charged on high levels of consumption to fund the
subsidies paid on first consumption blocks (and financially balance the cross-subsidy system
these pricing policies generate). Academic literature shows then this pricing scheme does not
work well in practice, mainly because of poor calibration (which is complex) with sizes of the first
subsidised consumption blocks that are often too large.

Some challenges with IBT pricing The problems encountered by water progressive pricing are
well known and well identified in the academic literature.

(1) The first refers to the quality of social targeting, with the setting of thresholds for the first
blocks, which can be considered to meet a social objective (as long as they are subsidized).

Econometric models of domestic water demand provide estimates of required volumes of
domestic water to cover basic needs that prove to differ widely among households, depending
notably on family size, water-using appliances and consumer habits (Garcia-Valifias et al. [2010]).
A widespread distribution of basic needs for water exists therefore across the population and the
point is that, by setting the thresholds of first blocks, an exclusion error is generated with some
households who are charged some non-subsidized prices on part of their basic needs. Several
studies find that large poor families are over-represented in this category of water users (see for
instance Binet et al. [2016]).

(2) The second relates to a revenue risk for the service funding (Komives et al. 2005], Foster &
Yepes [2006]).

Aiming at limiting the risk of exclusion to which poor large families are exposed, water managers
tend to set high values for the thresholds of the subsidized first blocks, with (i) a mass of subsidies
that is particularly large and (ii) a contributory part that is based on a small segment of large
consumers. With the latter facing particularly high “marginal prices”? (and significant increases
in their water bills with the introduction of the IBT), the long-term responses of these households
may be substantial, with significant reductions in water consumption, what can get them out of
their contributory role and, thus, weaken cost recovery (this difficulty also arises when new
charges are planned to be funded by large consumers). Besides, the greater the protection
afforded to poor large consumers, the greater the risk of revenue for the service funding, since

! From a formal point of view, two-part tariffs and linear tariffs can be analysed as specific progressive tariffs, namely
a 2-blocs tariff where the consumption threshold above which the unit price of water is increased is (sufficiently)
"high". In this way, the MMS is also able to analyse these two pricing schemes.

2 The marginal price if the price of the block in which the household consumption is located.
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small exclusion errors mean a heavy burden for the households who contribute ultimately to the
system funding.

(3) Transfers Calibration of IBTs requires to target the top of the basic needs distribution to limit
exclusion errors. In doing so, this decision makes incurring some large errors of inclusion® and
the issue of transfers between rich and poor (generated by IBTs) has to be addressed.

To put it simply, if all wealthy families expressed high demands for water and all poor families
express low demands for water, the implementation of a proper-calibrated IBT would also result
in a transfer of income from wealthy families to poor families (compared to a structurally
balanced two-part tariff which is a reference tariff system (see below) that does not generate
monetary transfers). This is because wealthy households, by paying a higher price for part of their
consumption, given their assumed high demand and the tariff progressivity, would in such a
situation contribute to financing the consumption of low-incomes which, because it would be
low, would be charged a lower price, subsidised by the collection of a “social tax” charged on
high consumption levels (via the cost recovery constraint).

One difficulty, however, is that when it comes to water consumption, poor households are not
as different from wealthy households as one might initially think. Nauges and Whittingthon
[2017], by combining data from several sources, find a positive but quite low correlation between
household water use and income, what means "that there are many rich households that use
small amounts of water, and many poor households that use large quantities of water" (the
quality of water-consuming equipment owned by households clearly plays a role here). In this
respect, since IBTs implement transfers from large to small water-user households, they also
entail transfers from low incomes to high incomes. Several studies demonstrate then that IBTs
perform poorly regarding the subsidy targeting for low-incomes with high-incomes that receive
a large share of subsidies®. In fine, progressive tariffs may thus increase income inequalities,
compared to a structurally balanced two-part tariff, with a system of cross-subsidies that would
be anti-redistributive.

(4) Progressive pricing is not as much of an incentive as it should/could be. As emphasized by
Monteiro & Roseta-Palma [2011], there is no particular reason, from a theoretical point of view,
to manage the incentive effect of water pricing through progressivity. However, it is understood
that it is always possible, by setting sufficiently high prices for excessive levels of consumption,
to induce large consumers to use the resource more sparingly (Wichman [2014]). Further, some
empirical studies show that price sensitivity of water demand is higher when consumers face IBT
(Cavanagh et al. [2002]), so that the choice of this pricing scheme may indeed generate more
attention from the households on their water uses.

However, empirical evidence suggests as well that progressive pricing is not as incentivizing as it
should be (Gaudin [2005], Martins & Fortunato [2005], Pérez-Urdiales et al.[2022]), with
consumers who tend to misperceive IBTs. Faced with a tariff that presents a certain complexity,
they tend in particular to think in terms of average price (Liebman & Zeckhauser [2004], Cartter
& Milon [2005]), what can lead them to over-consume with an under-estimation of the "marginal
price" (that is, the unit price of the block in which the household's consumption is located) that

3 Inclusion error refers to social pricing on part of consumptions that do not meet basic needs.
4 See notably Gdmez-Lobo & Contreras [2003], Komives et al. [2007], Barde & Lehmann P. [2014] and Fuente et al.
[2016] and Whittington & Nauges [2020].
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has to be considered for a fully optimal management of domestic uses (as basic consumer theory
may indicate). In this way, an IBT may thus lead to a reduction in overall consumption when the
tariff is properly perceived, but to an increase in overall consumption, given the
overconsumptions that are generated, when the tariff is poorly perceived.

It should also be borne in mind that the reduction in overall consumption, when switching from
two-part tariff to social progressive pricing, is not a granted output. Implementation of a social
(and presumed) incentive IBT may indeed lead to an increase in overall consumption, even
though the unit price schedule were fully well-perceived (Crampes & Lozachmeur [2014], Mayol
A. & Porcher S. [2019]). Given the context of the decision problem, this type of IBT subsidizes
indeed the small consumers and taxes the large consumers with a net effect on overall
consumption that depends on the calibration of the tariff (Ito [2014], Mayol A. [2017]), with the
sizing of the first subsidized consumption blocks, the level of the various subsidy rates (per cubic
metre) for each of these first consumption blocks, and the level of the (endogenous) unit margin
rates for the higher consumption blocks to complete the financing of the cross-subsidy system.

The point is that academic literature is able to make these observations and also identify some
ways of improvement precisely because it applies econometric demand models (commonly used
by economists) and appropriate indicators for the various items to be analysed. In addition, a
number of factors suggest that water managers and local public decision-makers, when
considering the content of their pricing policies, may lack a clear understanding of the socio-
economic consequences of the decisions they are making, or may even be basing their thinking
on implicit assumptions about key factors that are not actually met (such as the fact that small
consumers are mainly low-income earners and large consumers are high-income earners). This
lack of clarity can then lead to decisions which, although well-intentioned, may turn out to be
ineffective or even counterproductive in terms of the objectives pursued.

The development and dissemination of the microsimulation model is intended to respond to this
lack of clarity for stakeholders, by enabling them to establish a clear diagnosis of the gaps on
each of the performance points related to the EU-WFD and, above all, to inform them of the
nature and extent of the trade-offs between the various objectives the water pricing policy has
to meet in fine. As apparent, it is here to integrate economic and social analyses into decision-
making processes, and "break boundaries between services valuation [...] and the employment
of economic and social sciences" (Water JP1 2018 Joint Call).

Outline The content of this document is set as follows.

Section 1 presents the general architecture of the tool, which is divided into 5 modules: the
Population module, the Tariff module, the Demand module, the Invoice module and the
Evaluation module (dashboard).

Section 2 briefly describes the data in the Population module (taken from a survey conducted in
2005 on a representative sample of households living on Reunion Island) on which the tool
operates (for demonstration purposes).

Section 3 presents the tariff module in which the user enters the values of the IBT tariff
parameters to evaluate, as well as some primitives of the decision problem he faces such as the
production costs of the drinking water supply, the production costs of domestic wastewater
collection service, the environmental costs, the tax system with VAT and charges for the
protection of the aquatic environment, and some social data such as the poverty line.
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It should be emphasized that the construction of this module is based on the French regulations
governing the pricing of drinking water and wastewater services. These include the principle of
equality of public service, what means that the pricing system must apply to all customers,
regardless of the level of their income (universality of service). In addition, the public collective
wastewater service is also billed by the company in charge of managing the service, according to
a specific tariff, if the household is actually connected to the network (which concerns slightly
more than half of the households in the Population module) and is not billed otherwise. Section
3 also provides some elements of analysis related to the pricing of drinking water supply such as
the notion of structural progressivity, Nordin's D and “Two-part Structurally Balanced Tariff”
(abbreviated as TBSE for "Tarification Bindbme Stucturellement Equilibrée" in French) which is a
natural point of reference for the pricing of public drinking water and wastewater services.

Section 4 is devoted to presenting the Demand module and the econometric model estimated
by BCP [2014], which is used by the tool to calculate and break down household water
consumption (for each household subscriber in the Population module). As the user has the
possibility of modifying the values of the response coefficients (that correspond, by default, to
the ones estimated by BCP [2014]), it is important for the user to be aware of what these numeric
values measure (the latter have an economic significance) and, more generally, of what a demand
function represents. To this end, section 4 provides information on the main empirical and
theoretical properties of household water demand functions, the particularities of the BCP
specification (with which the tool works), and the algorithms used to compute and decompose
household water consumptions.

Section 5 presents the Invoice module which is the equivalent of a water account for each
household (subscriber) in the Population Module, including the levels of its water consumption,
captive consumption, basic consumption, non-basic consumption, overconsumptions (related to
tariff misperception) ..., and the identification of the various impacts exerted by the pricing policy
(which is evaluated/tested by the user) such as, for instance, the amounts of the gross and net
subsidies that are granted to a household by the IBT (around sixty variables are identified in this
file).

Sections 6 to 10 give a detailed presentation, with one section for each field of analysis listed
below, of the indicators used by the tool to measure the multi-dimensional performance of the
water (and wastewater) pricing policy which is evaluated/tested by the user. Section 6 deals with
affordability, based mainly on two basic indicators: the CAR (Conventional Affordability Ratio)
that relates to the proportion of income that a household spends on paying its water bill and the
PAR (Potential Affordability Ratio) that relates to the proportion of household income spent on
water bills to cover basic needs. Section 7 deals with the incentive effect of pricing, in particular
by measuring the gains and losses of the IBT in terms of household water consumption
(compared with the TBSE), the measurement of over-consumption (linked to IBT misperception)
and the associated private costs of poor management (borne by household), and the
measurement of inclusion and exclusion errors, in volume terms, linked to tariff calibration (and
the setting of consumption thresholds). Section 8 deals with the issue of equity (measurement
of cross-subsidies, quality of social targeting, impact of the IBT on household income inequalities
...), section 9 with economic efficiency (surplus analysis) and section 10 with cost recovery (and
characterisation of the financing structure).
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In terms of the information provided, it should be noted that the tool always starts by giving
some general information, for the population as a whole, with basic descriptive statistics that
are:

- Measures of "Central tendency": Average, Median,

- Summary of the Distribution Function ("box plot ") : Min (minimum observed value), Max
(maximum observed value), Q1 (first quartile), Q3 (third quartile), D1 (first decile), D9 (last decile),
F_Mean (the percentage of statistical units (usually households) below the mean),

- Dispersion (Heterogeneity) : Variance, Standard deviation, MAPE (mean of deviations from the
mean), Coefficient of variation, Interquartile range, Interdecimal range,

- Symmetry / Asymmetry: Yule coefficient,
- Concentration: Gini index, Schutz index, inter-deciles ratio, inter-decimes ratio, "S80 / S20" ratio,

for the various variables of interest. On this basis, it focuses on a breakdown of the population
of households (subscribers) into sub-populations, usually by breaking down households into 2
groups according to:

(i) whether the household customer is connected to the collective sewerage network (in which
case he faces and pays the Drinking Water and Wastewater tariff) or not (in which case he faces
and pays the Drinking Water tariff only),

(ii) whether their standard of living is below the poverty threshold entered by the user (in which
case they are part of the Poor Household group) or not (in which case they are not part of the
Poor Household Group)

or even into 4 groups (with the intersection of these two criteria) and 10 groups (with the
household population broken down by consumption deciles or by standard of living deciles).
presenting the data by consumption deciles or by household standard of living deciles. The MMS
can also make occasional use of specific tools (ROC space, Pen parades, relative benefit
distribution curves, absolute beneficiary curve, Gini index decomposition ...) and specific
indicators (Sen index, Schutz index, Omega ratios, leakage rates, contributions to aggregate (or
social) surplus, consumer surplus ...). As the latter are not necessarily familiar to non-specialists,
this document presents in some detail the construction of several of these elements (see also
the catalog of variables provided at the end of the docuement).

Section 11 presents the "scaling up" operation of the basic model, the calculation and spatial
breakdown of some indicators that are used in the basic model, and some of the new indicators
that could be used to measure spatial inequalities that one may wish to measure when it is to
assess a set of water and wastewater pricing policies carried out in a dedicated geographical area,
such as the catchment area.

Section 12 concludes with a discussion of the added value of the tool, some points on which
further development could be considered, and the necessary conditions to exploitation and
replication. On this matter, it should already be emphasised that the tool to be truly operational
(and provide effective information on the performance of a specific pricing policy implemented
in a well-defined geographic area) needs to substitute the econometric model estimated by BCP
[2014] with an econometric model of local household water demand (including the data file used
to estimate this econometric model of local demand) and, if necessary, to adapt the Tariff module
to the specific features of national regulations. As it stands, the tool can nevertheless be used for
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demonstration and training purposes, whether for students of economics, management of public
organisations or water sciences, or for stakeholders willing to enhance their skills in the socio-
economic dimension of household water demand management policies, and pricing policy in
particular. It can also be used by members of the general public, particularly those wishing to find
out more about the public debate on water pricing, or to support initiatives aimed at encouraging
Citizen Engagement (notably by providing some general or personalized information on the
general and personal impacts of the water pricing policy that is or could be implemented).

The code The tool is a web application developed in Python with Flask for the back-end and
Angular for the front-end. Flask is a python framework allowing the rapid integration of the logic
of a python writing simulator. Angular is a front end framework that allows the user to have the
neat interactivity required in the simulator settings and results visualization workflow.

These choices mean that the tool can be used in two different user cases. In the first one, the
user uses the version that is hosted by a third party server (in this case the tool can be considered
as a SAAS (software as a service)). Therefore, there is no need to install the source code nor the
software needed to run it (Python, Javascript, Angular), and the tool can be used like any web
application on a web browser. In the second case, the user has more advanced knowledge and
can host the tool on its own computer, to allow for more transparency and flexibility. In this case,
the user has the possibility to consult how the calculations are made, or to modify the algorithms
to match its own needs. This configuration also allows to easily decouple the front-end and the
back-end or even to use the latter as a tool to perform stand alone processing. Indeed, the back-
end is a collection of algorithms that can be used directly as a Python library or as microservices
connected to a front-end.

The choice of Python over R has been made to allow as many users as possible to tailor the tool
to their needs by modifying existing modules or developing additional modules (although
algorithms can be transcribed back into R and it is also possible to use both languages by creating
an API).

The execution flow of the simulator has been implemented using two design patterns that will
facilitate its evolution and adaptability. Each matrix is processed through a sequence of steps,
implemented using a design pattern known as the "chain of responsibility." This execution flow
can thus be customized by inserting one or more additional steps. Furthermore, a second design
pattern, known as the "factory" pattern, is used to build execution chains based on specific needs.
The combination of these two design patterns provides a valuable level of flexibility for adapting
the simulator to different constraints and contexts.

The use of the tool will be governed by a gpl-3.0 licence (filed during 2025) which allows the code
to be opened up under the following two obligations: (1) mention of the InnWater project and
(2) sharing, by making them public, of any additions and modifications. The author of this report
would like to extend his warmest thanks to Pedyl Maree and Valentin Morin, both of whom
worked on the development of the code during research placements carried out as part of the
Newts project (Water JP1 2018).
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Il - GENERAL ARCHITECTURE

The MMS includes 5 modules:

Population module describes the population of households with regard to some relevant
variables for calculation and decomposition of (i) water consumptions, (ii) water bills and (iii)
indicators making up the dashboard. Unless otherwise stated, households are indicated by the
letter i (with data that has been anonymised).

Pricing module describes the tariff system (based on French regulation) that applies for the
households listed in the Population module. In the case of IBTs, this includes: (i) fixed part; (ii)
number and size of consumption blocks; (iii) unit prices within each block; (iv) VAT rate; (v)
environmental charges for (domestic) water utility and (domestic) wastewater utility. The user is
also asked to provide information on service costs (fixed charges, number of domestic
subscribers, unit variable cost of production for, successively, domestic water supply and
domestic wastewater supply), environmental costs (linked to domestic uses of water) and social
data (like the poverty line).

Demand module makes use of an econometric model to compute for each household in the
Population module:

. its water consumption g, =g (-) where @; is the water consumption of household iand g (-)
its water demand function,

- therelated captive part noted (,
. the size of its basic consumption noted g, like for instance:

Ing, =-2.56+0.48In N, +0.44-SNWA, (2.1)

(captive part is reprocessed by the user to estimate basic water needs; see section 4) where
N, denotes the size of family i and SNWA is the Share of Non-Working Adults, computed as
the ratio of the number of inactive adults to the number of adults (non-employment rate),
within family J,

in interaction with the Population module (that provides the necessary socio-economic
information) and the Pricing module (in which the IBT the user is intended to assess is set).

Invoices module collects all relevant information at the household level with the setting of a

specific bank account for “Water and Wastewater expenditures”. This includes:

. the computation of the water bills T, =T (g’ (-)) spent on water and wastewater utilities by
household i (given the tariff parameters that have been set by the user),

. the breakdown of the water bills T, firstly into a captive part T,, =T(q,,) and a non-captive
part T, —Ty;, next into a minimum basic part T, =T(g;) and a non-basic part T, T, ... for
water (and wastewater when the household is connected to the sanitation network),

. the accounting reconstruction of invoices with the identification of various subsidies and
contributions to service funding with reference to the “structurally balanced two-part tariffs”,
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. the measurement of public and private welfare gains and losses, in monetary equivalents
mon

("aggregated surplus ", "consumer surplus"), generated by the implementation of the IBT that
is set/tested by the user

for each household in the Population module.

Evaluation module includes a scoreboard and about sixty indicators (for level 1 information)
allowing to measure the socio-economic performance of the pricing policy in each of the 5 fields
of analysis related to EU-WFD with: Affordability; Incentive Effect; Economic Efficiency
("Welfare"); Equity; Cost Recovery (Quality of the Funding)). These indicators correspond (i) to
those commonly used in academic literature on water; (ii) to other measures commonly used in
other fields of Economics (Poverty Economics, Production Economics, Tax Economics, Banking
and Finance ...) that are thought to be relevant for the field of analysis considered.

As regards the use of the tool, its handling and the interactions between the various modules,
the following points should be noted.

Primitives Initially, the user is asked to declare (in an extract from the Tariff module) (1) the
production and distribution costs of the drinking water service with :
- the amount of fixed costs noted CF, (the acronym EP stands for Eau Potable in French);

- the unit variable cost CVM_, =C_, (the acronym CVM stands for "Co0t Variable Moyen" in
French), which is assumed to be constant (this variable therefore gives the cost of producing
and distributing one cubic metre of drinking water, excluding fixed costs);

as well as (2) the production and distribution costs of the (collective) wastewater treatment
service with :

- the amount of fixed costs noted CF, ;

. the unit variable cost CVM,, which is (also) assumed to be constant (this last variable

therefore gives the production and distribution cost of one cubic metre of wastewater / after
use by the household, excluding fixed costs).

Users are also asked to enter :

. the number of domestic subscribers (households) to the public drinking water service, noted
as n (sometimes ngp);

. the number of domestic subscribers (households) to the public sewerage service, noted n,,
withny < n = ngp;

and to answer a question relating to the processing of the data ("sample adjustment"), which is
described in detail in the next paragraph. On this basis :

- The number of domestic subscribers not connected to the public sewerage network (in
number n —n,) forms a specific group of Subscribers that is denoted G1. The size of this
group, noted n, with n; = n —ny, then determines the number of households benefiting
only from the public drinking water service.
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« The number of domestic subscribers connected to the public sewerage network, n,, forms a

specific group of Subscribers known as G2. The size of this group, denoted n, with n, =n,,

determines the number of households benefiting from the public drinking water and
wastewater service, known as the "EPA" service (this acronym stands for "Eau Potable et
Assainissement" in French).

« The provision of the drinking water service to the N =n_, household in the Population module
and of the collective wastewater service to the n, =n, households in Group 2 then form the

general service known as the "EP / EPA" service (this acronym stands for "Eau Potable / Eau
Potable et Assainsissement" in French).

These values (production and distribution costs for "EP" service and "A" service, number of
household subscribers to "EP" service, number of household subscribers to "A" service) entered
by the user set the parameter values for the structurally balanced Two-Part Tariffs "TBSE" (this
acronym stands for "Tarification Bindme Structurellement Equilibrée" in French), the TBSE "EP"
and the TBSE "A", which are the reference tariffs for the public drinking water service and the
public wastewater service respectively. Excluding charges (collected by the local water agency)
and VAT (collected by the Operator for the benefit of the State), these pricing schemes are made
up of:

- asubscription fee (also known as the fixed part), noted F ;
. aconstant price per cubic metre, noted 7 ,

(the letter p is reserved for designating another variable) with (i) a subscription amount equal to
the amount of fixed costs divided by the number of subscribers :

CF
= :TEP
CF

and (ii) a price per cubic metre equal to the value of the average variable cost (entered by the

user):
Tep = Cgp
TTp=Cp

based on a quarter of consumption (and a quarterly billing period). The user also enters :

. the VAT rates (tz, and t, ) for the drinking water and wastewater services;

. the values of the charges, noted I, andr,, in euros per cubic metre (excise duty) for the
drinking water and wastewater services;

« the value of the environmental cost, noted C,, in euros per cubic metre, defined as the cost
of completely depolluting one cubic metre of (domestic) waste water;

as well as certain 'social' data with :

. the value of the poverty line (for the (modified) OECD equivalence scale)
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. the threshold value for the CAR (weight of the "EP / EPA" bill in household income) above
which the user considers the household is facing an affordability issue in the CAR sense;

. thethreshold value for the PAR (weight of the EP / EPA bill in the household's income to cover
its basic needs) beyond which the user considers the household is facing an affordability issue
in the PAR sense.

Following these initial entries, the user is also prompted (in an extract from the Demand module):

(i) validate or modify the default values entered for the parameters (response coefficients) of the
demand function ;

(i) validate or modify the list of determinants (of the demand function) used to calculate basic
consumption (of households in the Population module).

All this data is then saved in the "My Simulations" portfolio of simulations for automatic loading
of these parameters.

Initialisation On this basis, and after the user has run the algorithm, the tool displays (1) a
simplified aggregate dashboard, made up of around twenty indicators, providing information on :

- the affordability of TBSE (in the general population and in poor households),

- TBSE consumption levels (which can spontaneously be relatively high) for drinking water and
wastewater services,

. deviations in consumption compared with the so-called first-order social optimum (with full
cost recovery, including the environmental cost) and the accompanying losses in aggregate
surplus,

. some financial data (including the breakdown of sales for the general "EP/EPA" service),
and 4 computer graphics (see Figure 1, page 25):

(1) TBSE Affordability: a scatter plot with (i) on the x-axis, the standard of living of households;
(i) on the y-axis, the value of the TBSE PAR (as a reminder, the proportion of income that a
household devotes to meet its basic water needs) and (iii) a zoning system enabling to identify
households (including poor households) facing an affordability issue or in a situation of
vulnerability (i.e. close to water insecurity, as defined by the PAR);

(2) Distribution of Basic Needs: the Pen's parade of basic consumption (which provides useful
information for setting the sizes of the first consumption blocks that are subsidised with
progressive pricing of the "social incentive" type) and the Pen's parade of captive consumption
(which determines a minimum level of service and, in so doing, a minimum value for the cost of
the service);

(3) Correlation between consumption and standard of living: a second scatter plot with (i)
household standard of living on the x-axis, (ii) TBSE consumption on the y-axis and (iii) some
statistics on the degree of correlation (covariance, linear correlation coefficient, Spearman
coefficient (rank correlation)) between these 2 variables;
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Figure 1 : Initialisation - TBSE
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(4) TBSE deviation from the first-rank optimum: a bar chart showing the average values of the
deviations, in percentage points, of consumption from their first-rank values, the related losses
in aggregate surplus and the amount of the environmental cost that is not recovered in the
general population and for different categories of Household (G1-Poor, G1-Non Poor, G2-Poor
and G2-Non Poor).

It is also displayed (i) as a reminder, the value of the price elasticity (which has been
validated/entered by the user) and (ii) some basic statistics on the distribution of income
elasticities.

First round evaluation Based on these initial elements, the user is invited to declare the
parameters of the new tariff in the Tariff module (Two-part Tariff or Increasing Block Tariff that
he intends to test and evaluate) for the drinking water tariff and the wastewater tariff
successively, after which the tool displays :

- the amount of the (likely) subsidy on the Right of Access for the "EP" service, the "A" service
and the "EPA" service;

- the subsidy rates, in euros per cubic metre, for the various subsidised consumption blocks;

- the "tax" rates, in euros per cubic metre, for the different consumption blocks that are "taxed"
(marked);

- an infographic identifying, for the "EP" and "EPA" services, (i) the consumption level at which
the margin generated on the Household's consumption becomes positive and (ii) the
Household break-even point, defined as the consumption level at which the Household
contributes to the financing of the service Access Fee Included or "DAI" (this acronym for
"Droit d'Acces Inclus" in French).

Once the user has validated the pricing parameters, the tool proceeds to:
. the calculation of domestic water consumption (for each household in the Population module),

. the breakdown of this domestic consumption into the sum of 4 elements: basic consumption,
captive but non basic consumption, a variable part (excluding over-consumption) and over-
consumption (possibly equal to 0) linked to a poor perception of the tariff,

and a number of complementary treatments, including :

. the breakdown of the bill into the sum of 4 elements, linked to the breakdown of domestic
consumption (including the expenditure borne by the household to cover its basic
consumption and an additional expenditure linked to its over-consumption),

- the calculation of the gross subsidies granted and the gross "taxes" (margins) levied by the
operator on the Right of Access and per consumption block,

- the calculation of net subsidies and "net taxation" (in fact, contributions to service funding)
Acces Fee Excluded or "DAE" (this acronym for "Droit d'Acces Exclu" in French), and Access
Fee Included or "DAI",

. the calculation of (gross and net) subsidies and (gross and net) "taxes" on basic consumption
and on the supply of basic service (which includes the Right of Access) generated by the "EP"
tariff and the "A" tariff ...

« the calculation of VAT amounts ...
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. the calculation of the percentage of households facing an affordability issue, the calculation
of the affordability deficit ...

. the calculation of the impact of the IBT on the level of service (which may be higher than the
TBSE), the calculation of the mismanagement costs that are borne privately by households ...

« the calculation of the inclusion and exclusion errors in volume and in value ...

- the rates of coverage of the fixed costs of the service (in the economic sense of the term) by
the variable part (in the economic sense of the term) of the sales revenue ...

to feed a simplified dashboard, known as the "First-Round Dashboard", made up of around sixty
indicators enabling the IBT's performance (and its added value compared with the TBSE) to be
measured in the first instance. The latter is accompanied by the four previous infographics for
viewing some key-points relating to the performance of the IBT under consideration (except for
a slight modification to the second diagram, which no longer shows the Pen parade of captive
consumption but the distribution function for the mass of basic consumption, in addition to the
Pen parade of basic consumption®). On these particular points, see (1) the table " able 1 :
Agregate Dashboard — IBT vs. TBSE (first round)", page 28, and (2) the set of figures "Figure 2 :
First Round IBT (vs. TBSE)", page 29, for illustrative purposes.

Depending on the user's assessment of these results, the user can then go back to calibrating the
pricing policy (to adjust it) or, if the initial results obtained seem worthwhile, validate the EP and
A tariffs entered at the start of this first phase, and launch a full assessment.

Complete Evaluation The tool provides a comprehensive analysis of the socio-economic
performance of the user's tariff policies in each of 5 main areas of Affordability, Incentive Effectf,
Equity, Economic Efficiency and Cost Recovery (quality of funding). To this end, (1) some
additional indicators are calculated and (ii) some focus on particular groups (such as poor
households, for example) are performed, and, for the appropriate indicators, (3) the links
between the figures obtained for the General Population and those obtained for the various sub-
populations (of the General Population) are highlighted, with the relevant breakdowns. Last but
not least, (4) the performance of pricing policies on some points of vigilance, in relation to the
difficulties identified in the academic literature, are checked. In order to limit calculation time
and, above all, to respect the logic of the various questions on which this evaluation process is
based, these different operations are carried out in stages, for each of the major fields of analysis,
with an increasing degree of granularity of information. Finally, users can export their data for
further processings that are not implemented with the current version of the tool.

5> By way of illustration, the diagram informs that 40% of households have a basic consumption of less than 16.8
cubic metres per quarter (this information is provided by the Pen's parade of basic consumption) and that the basic
consumption of these 40% of households (whose basic consumptions are the lowest ones) represents 29.7% of the
total basic consumption (this information is provided by the distribution function of the mass of the basic
consumptions). Alternatively, the diagram also shows that subsidising the first 20 cubic metre of water consumption,
through the setting of the threshold of the first subsidized consumption blocks at 20 cubic metre per quarter, enables
to fully support the basic needs of 86.5% of households, with the corresponding 79.6% of the total basic consumption
that is fully subsidised (it should be noted that this rate is, by construction, lower than the percentage of total basic
consumption that is subsidised, as the 100—86.5=13.5% of the subscriber population who are not subsidised for
all their basic consumption are subsidised here for the first 20 cubic metres).
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Affordability (PAR H)

Economic Efficiency

IBT TBSE
Headcount ratio 15.9% 32.1%
App. Afford. Deft 337€ 16.87 €
Effec. Afford. Defit 17.69 € 5333 €
Gini_App 0.956 0.793
Gini_Eff 0.725 0.355
Equity Net Income Gini Index
IBT 0.491
IBT-AE 0.491
TBSE 0.494

DAE DAI
Net Sub Basic C 0.09 € 41.65€
Omega ratio 0.67 0.97
Net Taxes Basic C 943 € 0.00 €
Omega ratio 1.26 kel

AFE AFI
Net Sub C 0.00 € 12.18 €
Omega ratio 212 131
Net Taxation 50.98 € 12.17€
Oméga ratio 0.85 0.58

INN WATER

Incentive Effect
Average Consumption (m3/ trim) Average Bill €/trim
IBT 40.9 91.6
IBT_PP 385 73.8
TBSE 475 95.8
Eff Overconsumption Eff Mis-mng Cost
per H 6.7 19.8
per Ind 2.3 2.3
Funding Général % Total Cost
REX_Op -179449 € -0.8

%H
Net Contributors 42.8
Net Beneficiaries 57.2
Subsididized basic C (en %)

69.20
Subsididized non basic C (en %)

41.6
Margined C (en %)

345

In %
"Bad" Sub 0.1
"Bad" Tax 18.2

Average Conso Delta W

m3/ trim €/ trim
First Best 90.4 Fxk
Delta IBT PP -51.9 -961.28 €
Impact Sur_Co 24 198.03 €
Delta TBSE -42.9 -170.46 €
Delta Surplus M -781.05 €
Unrecovered Environmental Cost

m3/ trim

TBSE Conso Rang 1 423.18 €
TBSE 683.76 €
IBT 19241 ¢€
IBT_PP 181.08 €
Water Agency Total annuel
Excise duty 957154 €
State Total annuel
VAT 1076968 €
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Figure 2 : First Round IBT (vs. TBSE)
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Il - POPULATION MODULE

The Population module contains a Household data file describing the socio-economic
characteristics of a sample of the population living in Reunion Island. These data are extracted
from a database built by Binet et al [2014] as part of a research contract with DIREN (DIrection
Régionale de I'ENvironnement, now DEAL-Réunion) aiming at identifying the determinants of
domestic water consumption in Reunion Island. It comprises 15 variables, withn =458 entries
per variable, listed below:

Climatic data: frequency of number of rainless days during billing period (quarterly).

Household characteristics: household income, imputed household income (following an
imputation method detailed in Carlevaro et al. [2007]), household size (number of people),
number of children, number of working adults, number of non-working adults, number of
equivalent adults (modified OECD scale).

Equipment characteristics: Jardin (dummy variable which takes the value 1 if the household is
equipped with a Garden, 0 otherwise), Piscine (dummy variable which takes the value 1 if the
household is equipped with a Pool, 0 otherwise), Assaini (dummy variable which takes the value
1 if the household is connected to the collective sewerage network, 0 otherwise), NonAssaini
(dummy variable which takes the value 1 if the household is not connected to the collective
sewerage network, 0 otherwise), Maison (dummy variable which takes the value 1 if the
household lives in a detached house, 0 otherwise), Retraité (dummy variable which takes the
value 1 if the household is retired, 0 otherwise), Proprio (dummy variable which takes the value
1 if the household owns its home, 0 otherwise).

It should also be noted that, compared to the original data set, the income series has been
increased exogenously by 15%.

The tool then assumes, for demonstration purposes, that this sample is representative of the
population of households residing in the area the water manager is in charge or, more precisely,
(i) that the sub-sample of households connected to the sewerage network (so-called Group 2
households) and (ii) that the sub-sample of households not connected to the sewerage network
(so-called Group 1 households) are representative of these two segments of the customer
population in the area the manager is in charge of. Based on this assumption, the tool constructs
a representative sample of the n=n, +n, subscriber population of 1,000 (default value) or 2,000

or 3,000 ... households by drawing lots (i) from the BCP-Group 1 sample, a number of households
equal to 1000n, /n for the "User Group 1 sample", and (ii) from the BCP-Group 2 sample, a

number of households equal to 1000n,/n for the "User Group 2 sample", based on the

information entered by the user for the number of subscribers N=n_ and n, =n, with the

description of the cost functions for the EP and A services. Next, the tool creates variability in the
data by noising, for each draw, the income of the household that is drawn with the addition of a
realization drawn in a lognormal distribution of mean zero and variance 0.01 (the user is given
the option of modifying the value of this variance). In parallel with this procedure, the user also
has the option of loading into the Population module a data file that is assumed to be
representative of the subscriber population (and consistent with the information entered on
production costs) for the area under consideration.
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IV — TARIFF MODULE

Preamble In the following, it is noted:
- @ the household water consumption, g; the water consumption of Household i,

- T the amount of the bill for the drinking water supply (referred as the EP service) or for the
drinking water and wastewater supply (referred as the EPA service®) according to the
household is connected to the collective sanitation network or not,

« T = T(q) the tariff function that links the amount of the bill to the household consumption
(volumetric pricing).

Where appropriate, one can also write T = T(q,6) with 6 a vector of tariff parameters
(characteristic of the tariff that is evaluated/tested by the user). What follows is a presentation
of the two main tariff schemes, Two-Part Tariff and Increasing Block Tariff (IBT), which the tool
aims to assess. In order to simplify the presentation, taxation will be initially ignored.

4.1 Two-Part Tariffs

By definition, a two-part tariff of parameters 8 = (F, ) is a pricing policy for which:
T(q)=F+7q (4.1)

where:

. F is the amount of the subscription fee, which is interpreted as an access fee to the EP / EPA
service (fixed cost of consumption) that the subscriber (household) has to pay to start
consuming tap water;

. misthe unit price, per m3.

This pricing scheme includes the following special cases:

- Flat-fee pricing:

T(q)=F (4.2)
(in this case, m = 0 and pricing is no longer volumetric);

- Linear pricing:

T(q)=7rq (4.3)
(in this case, F = 0).

- Structurally balanced two-part tariff:
T(q)zc—F+c><q (4.4)
n

denoted also TBSE (for "Tarification Bindme Structurellement Equilibrée" in French) with n the
number of subscribers (households), CF the level of fixed costs (borne by the operator) and ¢
the unit variable cost / the marginal cost of production (assumed to be constant).

® The acronyms EP and EPA stand for "Eau Potable" and "Eau Potable et Assainissement" in French.
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As a reminder:
. with some exceptions, flat-fee pricing is prohibited in France;

« linear pricing corresponds to the "first best" pricing when m = ¢ (marginal cost pricing) with
an operating deficit (borne by the operator) equal to the amount of fixed costs CF (in this
scenario, the service is partly financed by taxation with a transfer from public authorities to
the operator, most often as part of a planning contract);

. theTBSE (F,m) = (%, c) corresponds to a "Ramsey-Boiteux" type pricing, when the operator
is subject to a cost recovery constraint and water pricing has to satisfy the "water pays for
water" principle.

In this respect, TBSE constitutes a reference tariff from which the effects linked to:

. a change in tariff parameters F and @ such as, for instance, the capping of the fixed part
introduced by some national regulations’, including the abolition of the fixed part (F = 0) for
which several user associations are campaigning?®,

or:

. atariff reform such as the one announced in March 2023 by President of the French Republic,
that will extend progressive pricing to the whole of France °

can be measured. It should also be noted that any two-part tariff for which F < <& subsidises

the access fee with a unit price 7 that has then to be greater than the unit variable cost
CVM = c¢ to ensure the financial equilibrium of the service / when the "water pays for water"
principle applies.

Example By way of illustration, Figure 3 shows the pricing graph for the EP service of the city of
Melun-Sénart 77 with F =9.2629 , 7~ =1.8389 and T(q)=9.2629+1.8389-q for one
consumption quarter (billing period). The horizontal line (drawn in red) gives the unit variable
cost of consumption which is borne by the household. The latter is also equal to the cost of one
additional unit, referred as the “household marginal cost of consumption”, with:

T'(q) =7 =1.8389

As shown in Figure 3, one feature of the two-part tariff system is that it specifies a household
marginal consumption cost that is constant/does not depend on the household's level of
consumption (flat rate).

7 In France, subscription fee can not exceed 30% of the bill, calculated for a typical consumption of 120 m? (40% in
rural municipalities). This restriction does not apply to municipalities classified as "tourist".

8 See for instance "Water prices: the pricing structure can penalise small consumers",
https://www.clcv.org/communiques-de-presse/prix-de-leau-la-structure-tarifaire-peut-penaliser-les-petits-
consommateurs.

9 https://www.francetvinfo.fr/meteo/secheresse/direct-secheresse-emmanuel-macron-dans-les-hautes-alpes-
pour-presenter-un-plan-sur-la-gestion-de-l-eau_5741273.html
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Figure 3 : EP pricing - Melun - Sénart (77 - France) with F =9.2629 (per trimester) and 7 =1.8389 (unit: m?)
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Figure 4 : EP pricing - Saint Paul (974 - France) with F =9.38, k, =60, k, =120, k, = 240 (per trimester) and 7, = 0.778,
7, =1.639, 7, =2.268, 7, = 2.38 (unit: m?).
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4.2 Increasing Block Tariffs (IBT)
4.2.1 Definition
The following notations are used:

« pisthe number of consumption blocks,

- Iy, 1,, 1, ... are the consumption blocks of the form I, =[0,k ], 1, =]k, k,], 1, =]k,.k;] ...
with kK, =0, k;, k,,K; ... the tariff thresholds,

(with this formulation, a consumption equal to K; is considered to be in Block 1, a consumption

equal to kK, is considered to be in Block 2 and so on) and:

. 7, T, T, ...arethe unit prices (per m3) in each consumption block with 7, <7, <7, <....

Then, we have:

- in the case of two consumption blocks (denoted as “IBT2” in the following):

F+m0 it 0<q<k

T(q)= (4.5)
F+mk +7,(q-k) if q>k

with 6, = (F, 7z, 7,,k,) the vector of tariff parameters for an I1BT2;

- in the case of three consumption blocks (denoted as “IBT3” in the following):

F+7q if 0<q<k

T(q)=1F +mk +7,(a-k) T k<gsk (4.6)

F+mk +,(k,—k)+7z(q-k,) if q>k,
with 6, = (F, 7, 7,, 75,k K,) the vector of tariff parameters for an IBT3;

- in the case of four consumption blocks (denoted as “IBT4” in the following):

(F+7q if 0<q<k
F 4k +7,(q-k) it Kk <q<k,
T(q)= (4.7)
F+ak +m,(k,—k)+7z,(q-k,) if k,<q<k,
F+ak +m,(k,—k)+7,(k,—k, )+ 7, (a-k;) if q>k,

with 6, =(F, 7, 7, 73, 7,, K, K, ,K;) the vector of tariff parameters for an I1BT4

and so on.
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4.2.2 Example: EP Tariff for Saint Paul [974]

By way of illustration, Figure 4, page 33, gives the graph of the EP tariff for the city of Saint Paul
(Reunion Island) for which p=4 with a billing period that is quarterly and a vector of tariff

parameters given by:
0, = ( F,7, 7y, 75,7, K, Ky, k3) = (9.38, 0.778,1.639,2.268, 2.38,60,120, 240)

(this water tariff also corresponds to the one that is preloaded in the MSM). Neglecting VAT and
environmental charges (which are introduced later), then we have:

- for a consumption in Block 1 (0<q<60):

T(0)=9.38+0.778xq

- for a consumption in Block 2 (60 < q <120):

T (q) =9.38+0.778x 60+1.639><(q - 60)

- for a consumption in Block 3 (120 < q < 240):

T (q) =9.38+0.778x 60+1.639x(120—60)+ 2.268x(q —120)

- for a consumption in Block 4 (g > 240):

T (q) =9.38+0.778x60+1.639x (120 - 60) +2.268x (240 —120) +2.38x (q — 240)

Mathematically, the Tariff function T(q) is thus a piecewise linear function whose expression is
given (ultimately) by:

9.38+0.778x( if 0<q<60

~4228+1.639xq if 60<q<120

T(q)= (4.8)
—-117.76 +2.268xq if 120<q<240

~144.64+2.38xq if q>240

4.2.3 Some Properties

Definition Marginal Price The marginal price is the price of the consumption block in which the
household is located with / its drinking water consumption takes place.

Property Apart from thresholds k;, k,, K, ... at which it is not well defined, the marginal price
indicates how much the household's water bill varies when the household varies its water

consumption, up or down, by one unit (m?). As such, it also measures the marginal cost of
consumption faced by household i at consumption q; € Ij.
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Property — Nordin’s D In fine, an IBT can be rewritten as:
T(a)=F-D(a)+~(a)- (4.9)

with 7 = 7(q) the marginal price function (or marginal price scale) and D = D(q) the Nordin's D
function (also called the "Difference variable"), defined as follows:

IBT2

m, if 0<q<k D, if 0<qg<k
7(9)= D(a)=

T, if k <q<k, D, if k <q<k,
IBT3

m, if 0<q<k D, if 0<qg<k
z(q)=47, if k<q<k, D(q)=4D, if k<qg<k,

7wy, if Kk, <q<Kk, D, if k,<q<k,
IBT4

m, if 0<q<k D, if 0<qg<k

r, If k<q<k, D, if k <qg<k,
7(9)= D(a)=

7w, if kK, <q<Kk, D, if k,<q<k,

z, 1f ky<q D, if k;<q
with
D =0

the values for block 1, block 2, block 3, block 4 ... of Nordin's D.
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Interpretation of Nordin's D (or "Virtual Reimbursement") Nordin's D formally corresponds to a
difference between two levels of expenditure:

- the amount of the bill actually paid by the household T(q)=F -D,+7,q for a water
consumption @ located in block j;

. the amount that would have been charged for the same level of consumption (€ IJ- if each

of the g units had been sold at the marginal price 7;,

i.e. if a two-part tariff with parameters (F,z;) had been applied (and then T,(q) =F +7,q). In

this way, the calculation of Nordin's D measures the extent of the savings (or monetary gains)
made by the household and generated by the price progressivity of the tariff. As such, Nordin's
D can also be seen as an indicator measuring the degree of tariff progressivity.

lllustration Taking the elements relating to the calculation of the Billing function of the EP tariff
for the municipality of Saint Paul, we have:

- For a consumption in Block 2 (60 < q<120):
T(q)z F +71'1k1+7z2(q—k1)

= 9.38+0.778><60+1.639x(q—60)

= 9.38—(1.639—0.778)><60+1.639><q

=9.38-0.861x60+1.639xq
=9.38-51.66+1.639x(

- For a consumption in Block 3 (120 < q <240):

T(q)= F +7r1k1+7r2(k2 —kl)+7r3(q—k2)
=9.38+0.778x60+1.639x (120— 60) +2.268x (q —120)
=9.38- (1.639 - 0.778) x 60 —(2.268—1.639)><120+ 2.268xq

=9.38-0.861x60-0.629x120+ 2.268x q
=9.38-51.66—-75.48+2.268xq =9.38-127.14+2.268xq

- For a consumption in Block 4 (240 < q ):

T(q)z F +7z1k1+71'2(k2 —k1)+7r3(k3—k2)+7r4(q—k3)
=9.38+0.778x60+1.639%(120-60) + 2.268x (240—120) + 2.38x(q — 240)
=9.38-(1.639-0.778)x 60— (2.268 —1.639) x120 — ( 2.38 — 2.268) x 240 + 2.38x q
=9.38-0.861x60—-0.629x120—0.112x 240+ 2.38xq
=9.38-51.66—75.48—-26.88+2.38x(
=90.38-154.02+2.38xq

Mathematically, the Tariff function given by the equation (4.8) on page 35 can then be rewritten
as:
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T(q)=9.38-D(q) +7(a)q

with:
0.778 if 0<g<60

1.639 if 60<q<120

7=n(0) =
2.268 if 120<(q<240

238 if 240<q

the graph of the unit price scale (of the EP Tariff of the city of Saint Paul) and

0 if 0<q<60

51.66 if 60<q<120

127.14 if 120<q<240

154.02 if 240<q

the graph of the Nordin D function / Virtual reimbursement (of the EP Tariff of the Commune of
Saint Paul). See Figure 5 & Figure 6, for an illustration of the equivalence; and Figure 7 & Figure
8, page 39, for a representation of the unit price scale and of the graph of Nordin's D function.

(2) On tariff progressiveness By analogy with Taxation theory (see Lambert [2001]), an EP / EPA
tariff is said to be structurally progressive (respectively structurally degressive) when the average
price (in fact, the household average cost of consumption):

T_(q)=@=... (4.10)

is increasing (respectively is decreasing) with the level of consumption  (this notion of

structural progressivity / degressivity can be local). In this case, the following properties should
be borne in mind.

- A two-part tariff (F,z) for which:

T_(q)=qu)= Fzﬂq =%+ﬂ (4.11)

is everywhere (i.e. at any point) structurally degressive (as soonas F >0).

- The only scheme that is neither structurally progressive nor structurally degressive is linear
pricing T(q) = zq (with, in this case, T (q) = 7 =¢™).
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Figure 7 : Marginal price graph T =7 (q) Figure 8 : Nordin D graph D =D (Q)
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- An IBT is structurally degressive for sure in block 1 with:
— T
T(q)= qu) _F +q”1q :%+7z1 for gel, =[0,k ] (4.12)

(this property also shows that an IBT is locally equivalent to a Two-part tariff in block 1).
- An IBT may be structurally degressive everywhere (i.e. at any point).

- An IBT becomes structurally progressive from the tariff threshold k where it exists, above
which Nordin's D exceeds the subscription amount F .

Details Faced with increasing block tariff, the average cost of a consumption ( e Ij is given by:

_ T(q)_F—DerJ.q_F—Dj

(a) ; . ] j
with:

T F-D.
a_T=— —>0< D,>F (4.14)
oq q

Accordingly, the tariff will be structurally progressive (respectively structurally degressive) in the
consumption blocks for which Nordin's D (virtual reimbursement) is higher (respectively lower)
than the amount of the subscription fee F . The values Dj being increasing in | with:

D, = DJ._1+(7zj —”j_l)k,-_l and T >T .y,

an IBT that would be structurally progressive in a block | is also progressive in a higher block

and it suffices to locate the tariff threshold, denoted k , beyond which Nordin's D becomes
greater than the amount of the subscription fee to locate the consumption intervals in which the
tariff T(:) is successively structurally degressive, then structurally progressive. As pointed out,

this threshold k may not exist, i.e. the tariff parameters may be such that Dj <F foranyj, and

in this case an IBT is everywhere structurally degressive.

Example As a reminder, the EP tariff for the city of Saint-Paul is an IBT4 with F =9.38, k, =60,
k, =120, k, =240, and 7,=0.778 , 7, =1.639, 7, =2.268 and 7, =2.38. The one of the
commune of Saint-Denis (Reunion Island - France) is an IBT3 with:

0, =(F, 7,7, 75,k Kk, ) = (7.9944,0.78198,0.8655,1.1494,45,90)

See Figure 9 & Figure 10, page 41. Water pricing in Saint Paul is structurally progressive from
block 2 with a k equal to 60 m3, while pricing in Saint-Denis is structurally progressive from block
3 with a k equal to 90 m?3. Saint-Paul's pricing system therefore becomes (structurally)
progressive more quickly than Saint-Denis's one.

Note Calculating the degree of structural progressivity of an IBT is a complex issue (Suarez-Varela
& al. [2015]). In practice, the calculation of this threshold k (above which an IBT is structurally
progressive) is often carried out by stakeholders to assess the incentive nature of the tariff (see
for instance Office de I'Eau - Réunion [2019]).
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Figure 9 : Structural progressivity - EP tariff 2018 Saint Paul
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Figure 10 : Structural progression - EP tariff 2018 Saint Denis
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(3) In what follows, a clear distinction has to be made between the average cost (or average price)
of household consumption, and therefore the average function:

—+ if 0<qg<k
g
F-D .
_ T Z+ if k <g<k
T(g)- 7 " T keask (4.15)
g
F;Dsma if k, <q<k,

with D, = (7, -7, )k, D, =D, + (7, -, )k, ... the values of Nordin's D in blocks 2, 3..., and

the marginal cost of consumption faced by the Household. Mathematically, the latter is defined
as the derivative of the Tariff function with respect to q :

7 if 0<q<k

om0t k<g<k
T'(q)=1" ' ’ (4.16)

7, it k <q<k,

and corresponds geometrically to the graph of the unit price scale 7(Q) (neglecting the problems
of non-derivability at q=k;, q=K,...). It should be noted that this is this unit price schedule

(and not the average cost of consumption) that the household has to consider for an optimal
management of its domestic water uses (see paragraph 5.2.3 "Tariff perception").

(4) On Terminology For the main, a tariff is a function T(:) that specifies, for each level of water
consumption q, the amount T(q) that the household will have to pay if it intends to acquire
those Q units of service. Neglecting the non-derivability problems that arise with an IBT (see
above), the derivative function T'(q) of the tariff function is also called the marginal price curve
and is sometimes noted 7(q) in the literature (to emphasise the fact that the household faces a
price schedule). At a given level of consumption =0, , the value taken by this function
7(q,) =T'(q,) is interpreted as giving the monetary cost borne by the consumer if he increases

his consumption by one unit and, also, the monetary gain realised by the consumer if he reduces
his consumption by one unit. For this reason, one speaks of the price of the g-th unit of
consumption or, more directly, of the price of the g-th increment (Wilson [1993]). The latter is
also known as the household marginal cost of consumption.

Analysing the socio-economic performance of Water Pricing Policy




‘
INN WATER

In this context, non-linear pricing can be seen as the pricing of a product line made up of q
successive units of the same generic product, in this case the EP or EPA supply, which are then
treated as different goods sold at (potentially) different prices. However, the purchase of a
specific unit requires the purchase of the previous units in the sequence, i.e. the purchase of the
second unit requires the purchase of the first, and so on. Within this framework, a tariff is said to
be progressive (respectively degressive) if the unit price scale / the marginal price curve / the
marginal cost of consumption 7(q)=T'(q) is globally increasing (respectively globally

decreasing) in (. If the marginal cost of consumption is now constant in all q, the tariff is said
to be flat or uniform. Flat rates include linear tariffs T (q) = #q and, also, two-part tariffs where
T(q)=F +7zq, with F >0 the access fee.

4.3 Miscellaneous - getting started
4.3.1 The tabs "EP and A" tariffs

The user is asked to enter the characteristics of the tariff, that is the amount of the subscription
F , the sizes of the p consumption blocks with the setting of the thresholds k,, k,, ..., kp_1 and

the unit prices (per cubic metre) for each of the consumption blocks =,, 7,, .., 7, , for,

b’
successively, (1) the drinking water supply (EP service) and (2) the (collective) wastewater supply
(A service). These amounts to be filled in must be given exclusive of taxes and environmental
charges (which are introduced later). The billing period (unit of time) is that of a consumption
quarter (in the case of half-yearly billing, the user must enter a subscription amount divided by 2
and the sizes of the consumption blocks also divided by 2; the prices per cubic metre do not need
to be adjusted). By default, the tool displays the progressive tariff for the City of Saint Paul

(preloaded) with an “EP” tariff (water utility) given by:
pr = ( F,z,my, 7y, 7, KKy, k3) = (9.38, 0.778,1.639, 2.268, 2.38, 60,120, 240)
and an “A” tariff (wastewater utility) given by:

08 = (F, 700, 7y, 75, 74, Ky Ky Ky ) = (10.49,1.3,2.12,2.21, 2.30, 60,120, 240)

Based on this information entered by the user, the tool then consolidates the two tariffs into an
EPA tariff (drinking water and wastewater utility). The latter in the case of the City of Saint Paul
writes simply as:

O = (F 7y, 7,705, 704, K, Ky, Ky ) = (19,87, 2.078,3.759, 4.478, 4.68, 60,120, 240)

It is to note that this consolidation operation (merging the 2 tariffs) is also carried out when the
number of consumption blocks and/or the sizes of the consumption blocks for the drinking water
supply and the wastewater supply differ. Besides, there is no limit on the number of blocks the
user wishes to set, and it is sufficient to enter the price of a single consumption block to enter a
two-part tariff (F,z) (while deleting the 3 higher blocks entered by default) or a linear tariff (in
the latter case, the subscription amount for the drinking water service and/or the wastewater
service must be set to 0). It should also be noted that it is not possible for the user to enter a
degressive tariff for which the econometric demand model estimated by BCP [2014] (used in the
Demand Module) does not apply.
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To conclude, two points should be kept in mind. First, as the tool is based on French regulations
governing the pricing of drinking water and wastewater services, a household that is not
connected to the sewerage network is not billed for collective sanitation. Without adjustment of
the sample, this is initially the case for just over half of the households (54.1%) in the data file
describing the Population to which the tariff evaluated/tested by the user is designed to apply
(in the Household database, there is a dummy variable indicating whether or not the household
is connected to the sewerage network, and therefore whether it is charged the EPA tariff or the
EP tariff only). Secund, the calibration if the IBT is implemented by the user on the basis of 4
pieces of information provided by the tool.

The first relates to the distribution of volumes of water to cover the basic needs within the
population of the households. This information, which is necessary to set with legibility the sizes
of the first consumption blocks (which are subsidised) and take the measure of exclusion errors
(linked to the fact that part of the population will see part of its basic consumption unsubsidised,
or even taxed/marged), is provided with the display of the Pen's Parade of basic consumption
and, on the same diagram, the related concentration curve of the mass of basic consumption
(see figure 2.2, page 29, as well as the information given in footnote Erreur ! Signet non défini.,
page 27).

The second piece of information relates to the affordability of TBSE for the general EP / EPA
service, which is the reference tariff. The infographic in question is a scatter plot with :

. onthe x-axis, the standard of living of Households (from the Population Module) calculated as
household income (net of income tax) divided by an equivalent number of adults
(consumption units) for the modified OECD scale;

. on the y-axis, the Potential Affordability Ratio (PAR), which gives the proportion of income
that a Household must devote to meeting its basic needs with the "TBSE" reference tariff (see
section 3.1).

This scatter plot is then completed:

. of the (vertical) poverty line, i.e. the threshold standard of living (entered beforehand by the
user) below which the Household is considered to be poor,

. of the (horizontal) water poverty line, i.e. the threshold value for the PAR (previously entered
by the user) above which the Household is considered to face an affordability issue,

so as to identify 4 groups within the population depending on whether the Household (/) is a poor
one or not and (i) initially faces an affordability issue or not. The other two infographics provide
information on (i) the level of TBSE consumption and its correlation with the standard of living of
Households (this last characteristic relating to the environment of the decision problem facing
the user is a key parameter for the potentially redistributive or antiredistributive nature of the
system of cross-subsidies that is implemented by a IBT of the social incentive type) with the
display of the corresponding scatterplot and (ii) the TBSE deviations from the first-best social
optimum (which makes it possible to assess the potentially high level of TBSE consumption).
Finally, the user is reminded of the values of the price and income elasticities of the demand
functions (which will determine how the sales revenue of the water company will change with
the switch from TBSE to IBT tested/evaluated by the user).
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4.3.2 Taxation

The price of water and wastewater services is also affected by taxation, with a value-added tax
(VAT) and ecological taxes (excise duties).

VAT (Value Added Tax) is an indirect tax (collected by the operator and paid to the State) which
relates to the value of the goods (ad valorem tax). The amount of VAT (which is a tax borne by
the household) is calculated by applying a rate to the price of "EP" service, on the one hand, and
to the price of "A" service, on the other.

Initially, the French tax system defined 4 VAT rates with a standard rate of 20%, some reduced
rates of 5.5% and 10%, and a special rate of 2.1%. In mainland France, the reduced rate of 5.5%
(like gas and electricity) is applied to public drinking water supply. Reunion Island, which is an
overseas department, applies a lower rate than the national rate, corresponding to the special
rate of 2.10%. The VAT rate for sanitation is 10% for mainland France and 2.10% for the French
Overseas Territories. Another special feature of French law is that the (collective) sanitation
service can be exempted from VAT when the service is provided by a public firm.

Given these various institutional constraints, the user has the option of defining 2 rates:
- a VAT rate for the public drinking water utility;
. a VAT rate (which may be set to 0) for the public sewerage utility.

This information should be entered in the VAT field in the Taxation section of the General Data
tab of the microsimulation model.

Environmental charges Drinking water consumption and wastewater services are also subject to
taxes in the form of excise duties, i.e. a sum in euros per unit consumed. These taxes are collected
by the operator for the benefit of the local Water Agency, which uses them to finance various
actions (such as investment aid to protect water resources).

These taxes, noted I, and I, , the amounts of which are entered by the user, are considered to

be ecological taxes. A special feature of French law is that these charges are also subject to VAT.
This information should be entered in the Duties field in the Taxation section of the General Data
tab of the microsimulation model.

Combined with the tariff data describing the pricing for water and wastewater services (which
are entered by the user), the combination of VAT and environmental duties leads to the
calculation of prices, including VAT, for the public drinking water service and the public
wastewater service, one per block, as summarised in Table 2 on next page (it should be noted
that, given the stepwise increase in service prices, the VAT mechanism makes that the amount
of tax per unit of service also increases in steps with the level of consumption, i.e. an Increasing
Block Tariff generates an Increasing Block unit Tax Fee). These price scales are then used to
calculate household water consumption in the Demand module (making use of the econometric
model of household water demand) presented in section 4.
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Service Price excl. VAT Excice duty VAT Taxes Price incl. VAT
Drinking water tgp = 2.10%

Subscription fee Fgp tgp tgpFep (1 + tgp)Fgp
T1-EP 0 ky nEP Tgp tep tep(EF + 1ep) (1 + tgp)(wEP + 7ep)
T2-EP ky k, kP Tgp tep tep(m5¥ + 1ep) (1 + tgp)(w5® + 7ep)
T3-EP k, ks kP Tep tep tep(EY + 1ep) (1 + tgp) (5P + 7ep)
T4-EP ks +00 kP Tgp tep tep(EY + 1ep) (1 + tgp)(wE? + 7gp)
Wastewater th =10%

Subscription fee Fa ta taFa (14 tp)Fa
T1-A 0 ky i A ta ta(md +1a) 1+ tp)(mf +1a)
T2-A ky k, 5 A ta tA(nﬁ + TA) 1+ tA)(nﬁ + rA)
T3-A k, ks 4 Ta ta ta(m§ +1a) 1+ ta) (78 +1a)
T4-A ks +o0 7y T ta ta(md +7a) 1+ ta) (7 +1a)

Table 2 : Prices (incl. VAT) for drinking water and wastewater services (summary of price scale)
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4.3.3 Cost modelling

4.3.3.1 Service production and distribution costs

Basically, service cost is modelled simply by assuming a linear cost function of the form:
C(Q)=CF+cxQ (4.17)

where Q is the overall production/service level, CF is the amount of fixed costs and ¢ is the unit

variable cost of production, assumed to be constant. This cost parameter also measures the
marginal cost of production C'(Q) =c, that is the increase in production cost that is borne by

the operator when overall production is increased by one unit (1 cubic metre). The latter differs
from the unit total cost:

€@ C(Q-CF
Q Q

assoon as F > 0. As a general rule, it is estimated that the first component (average fixed cost)
represents between 60 and 80% of the cost of the service. Overall production is calculated as the
sum of household water consumption:

:g+c>cvm(q): c'(Q)=c (4.18)

Q=2 (4.19)

with n the number of domestic subscribers.

The user is asked to enter the values of these two cost parameters F and ¢ for:

« the EP service with F, =... and ¢, =...,

« the Aservicewith F, =... and C, =...,

as well as the number of subscribers n=n_, and n, (this information is entered in the EPA
service costs section of the General Data tab). Next, the cost of the general service C=C_, +C,
that is borne by the operator is calculated as follows:

C=Cg +C, =C(Q)+C(Qa)=CFg +Cgp xQgp +CF, +C, xQ,

=CFgp +CF, +Cp 2 0 +Co > 0 =CFep + CFy +Cp D G +(Cep +C4 ) D0 (4.20)
i=1 i=1 i=1 i=1

=CF,, +CF, +Cgp x NG, +Cepp x N, 0,

where:

- Cepa = Cgp +C, is the unit variable cost for the EPA service, that is for the production of one

cubic metre of treated drinking water,

- Q, is the average water consumption of the n—n, =n, households who are not connected to
the collective sewerage system :
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_ 1 )
= X R
ql n— nA ; ql

and therefore pay for the drinking water service only;

- @, is the average water consumption of the n, =n, households who are connected to the
collective sewerage network :

R L. 1 _
g, :_ZQi :_Zqi = Ogpa

nA i=1 nz i=1

and who therefore pay for the drinking water and wastewater services.

These two groups of household subscribers (on which a certain number of cross-tabulations are
carried out subsequently) are referred in the following as Group 1 and Group 2. The average
consumption of these two groups of subscribers, G, and{,, is estimated from the averages of the
samples of households in Group 1 and Group 2 (which are considered to be representative) in
the Population module. On this basis, the (estimated) level of service Qg is simply calculated
as:

Qep =My x T, +1, xT, :(n_nA)qu"'nAqu
and the (estimated) level of "A" service as :
Qa =N, x0T, =N, X0,

given the values N, =N and N, that have been entered for the numbers of domestic

subscribers by the user. The calculation of domestic consumptions for the "EP" tariff and the
"EPA" tariff that are evaluated/tested by the user is based on the econometric demand model in
the Demand module. This information on production costs, which is entered by the user, also
sets the parameters for the reference tariffs, the TBSE for the EP service alone and the TBSE for
the EPA service, from which the gains and losses of the IBT that is tested/evaluated by the user
are taken. They also set the cost of the service that household i passes on to the operator through

its consumption 0, . Assuming an egalitarian distribution of fixed costs over the household
subscriber population, the latter can be calculated simply as follows :

CF
CiEP(qi): 0 =+ Cgp X,

EP

CiA (qi)= (;FA +Cu X

A

for the EP service and the A service respectively and :

CiEPA(qi):%+%+(CEP+cA)><qi
EP A

for the EPA service, when the household is connected to the collective sewerage network.
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4.3.3.2 Environmental cost

As cost recovery must be understood in the full sense of the term, i.e. including the
environmental cost, the user is also asked to enter the value of the environmental cost. The
model used is precisely as follows.

(1) Based on the principle "water has to return clean to nature", it is assumed that the use by the
household of a cubic metre of drinking water pollutes this unit of service to the tune of c, euros,
that is the level of the environmental cost entered by the user.

As usual, the latter is defined as the net cost of the actions that need to be implemented for total
depollution of a service unit. On this basis, 2 types of water pollutants are distinguished:

(2) those that are cleaned up through the collective sanitation facility with a residual (not
recovered) environmental cost that sets to:

Co—Cp—lp—Ty If Co+rp+r, <C,

max [C, —C, —Iep — 4, 0] = (4.21)
0 if Ccy+rp+1,=C,

(in the latter case, full cost recovery is achieved);

(3) those that are not cleaned up with the water consumptions of non-connected household to
the public wastewater collection system and a residual (not recovered) environmental cost that
sets to:

max [c, I, 0] =C, — I, (4.22)

Within this framework, it is therefore considered that non-collective wastewater facilities are
fully inefficient concerning the cleaning activities. This strong assumption is nevertheless
supported by the fact that a large number of individual systems do not appear to be up to
standard in Reunion Island (according to several professionals) and, also, by the much lower user
cost of individual systems, compared to the amount of bills paid by residential consumers for the
public wastewater collection system (what suggests they are of poorer purification quality). It
should also be emphasized that water-related amenities (which have an impact on the
management rule for the implementation of an efficient (Pareto optimal) allocation of the water
resources) are not considered in the model.

4.3.3.3 On subsidies (and "taxation")

Given the principle "water pays for water", a progressive pricing system of the social incentive
type, which aims to subsidise households for their basic needs, implements some subsidies and
"taxes" (in fact, margins that contribute to service funding) that the tool enables to measure. To
do so, one makes use of the information provided by the user and that relates to the amount of
fixed production costs, on the one hand, and the value of the unit variable production cost,
assumed to be constant, on the other hand, for the drinking water utility and the wastewater
utility respectively. This information then sets the parameters of the TBSE, which is the reference

pricing, with an access fee that is billed by the operator at cost price with F = F,. =CF /n,
and a service unit that is also billed by the operator at cost price, with 7 = 7,z =C (It should be

noted that this calculation is performed for each service, "EP" vs. "A", separately). On this basis,
the tool distinguishes between 2 types of subsidy/taxation.
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The first relates to the subsidy/taxation of the access fee with a contribution to service funding
given by:
Cio = FTBSE -F= C_F_ F (4.23)

n

(a negative value for C,; indicates a subsidy on the access fee, a positive value a "tax").

The second relates to (gross and net) subsidies and (gross and net) taxes on household water
consumption that are implemented by the tariff.

Figure 11 illustrates the latter for the case of the Saint Paul EP pricing. The (marginal) price
schedule 7 =z(q) is shown there in red. The green line shows the marginal cost / unit variable
cost (of the EP service) ¢, which has been set (arbitrarily) at €1.5 (a rather high value a priori).
Then, as is apparent, in the case under consideration here:

« the first 60 units / units from 0 to 60 m? are subsidised at a rate of o, =1.5-0.778 =0.722€
per m3,

. the next 60 units / units of 60 to 120 m?* are "taxed" at a rate of 7, =1.639-1.5=0.139€ per
m3,
. a"tax" is levied on block 3 units, amounting to 7, =2.268—1.5=0.768€ per m3, and on block

4 units, amounting to 7, =2.38-1.5=0.88€ per m3.

The Table 3, page 52, then gives the values of the various (gross and net) subsidies on the
consumption and per subscriber, Access Fee Included (what is denoted as “DAI”, for “Droit
d’Acceés Inclus” in French), for different levels of consumption relating to the distribution of water
consumption in this municipality (a negative value indicates a subsidy). The point is that, for the
(here high) value of the (presumed) unit variable cost ¢, the financing of the service is based on
a fringe of large consumers (less than 10% of subscribers). The tool then measures these subsidies
and taxes for each household in the Population module, based on consumption @; and basic

consumption ¢ calculated from the demand function in the Demand module, for the tariff that

is evaluated/tested by the user. These different amounts are collected in the Invoices module
(see section 5) and used to calculate some indicators for measuring the Incentive Effect of pricing,
Equity and Quality of the Funding that are displayed in the Evaluation Module?©.

Remark It should also be emphasized that, given the mechanism of VAT, the implementation of
a progressive pricing system of the social incentive type also implies a system of
subsidies/taxations on the part of the State ("it is as if") on the access fee and consumption of
block 1, block 2 etc. For this reason, a distinction is made for the purposes of analysis:

0 To list them, the tool calculates (for each household in the Population module) gross subsidies and gross taxes on
the Right of Access, basic consumption (i.e. units of service meeting basic uses), the captive part of demand not
meeting basic uses (in the BCP demand model [2014], the part of consumption meeting water uses for garden
maintenance and swimming pool maintenance), and overconsumption (linked to poor tariff perception) which is
generated by the EP tariff, the A tariff and, consequently, the EPA tariff. On this basis, these various amounts are
aggregated to calculate gross and net subsidies on the consumption of the Subscriber (Access Fee Excluded) and per
Subscriber (Access Fee Included). These total subsidies and taxes are also broken down into subsidies and taxes on
the Basic Service (Access Fee Inlcuded), on basic consumption (Access Fee Excluded) and on non-basic consumption
(these aggregated flows are then necessarily Access Fee Excluded).
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(i) the subsidy/taxation system implemented by the operator with the application of the IBT,

(i) the system of subsidies/taxations implicitly implemented by the State, taking into account the
IBT applied by the operator, with the VAT mechanism

(iii) the system of subsidies/taxes including VAT that households ultimately face.

These subsidy/taxation systems must also be differentiated according to services, with (i) the
system implemented for the drinking water service, (ii) the one implemented for wastewater
service and, as a result, (iii) the one implemented for the joined drinking water and wastewater
service (for the benefit of Group 2 households only).

4.3.4 Social data

This general information, relating to the characterisation of the primitives of the decision
problem faced by the user when he wishes to measure the socio-economic performance of a
pricing policy, is then completed by the data of 3 social variables that are:

. thethreshold value for the Conventional Affordability Ratio (CAR) above which the Household
is detected as facing an affordability problem as defined by the CAR approach;

. the threshold value for the Potential Affordability Ratio (PAR) above which the Household is
detected as facing an affordability problem as defined by the PAR approach;

. the (monetary) poverty line defined as the minimum standard of living value below which the
household is considered to be a poor household.

The household's standard of living is precisely defined as the ratio between its disposable income
(after tax) and an equivalent number of adults measured according to the OECD equivalence
scale, with the first adult assigned a coefficient of 1, other adults a coefficient of 0.5 and children
under 14 a coefficient of 0.3. The value of this indicator (calculated for each household in the
Population module) is interpreted as measuring a level of disposable income for each member
of the family. On the basis of the threshold values entered by the user, the tool identifies the
situation of each household in the customer file, then breaks down the population into 2 broad
categories: the sub-population of households in a situation of poverty and those who are not.
This breakdown is used to present the data and calculate several indicators for each of these sub-
groups of the population (such as, for example, the percentage of households facing a problem
of affordability of the EP / EPA service).

The CAR value corresponds simply to the weight of the water bill (or of the water and wastewater
bill if the household is connected to the collective sanitation system) in household’s disposable
income while the PAR index corresponds to the value taken by this ratio but for a bill amount
calculated for the basic consumption of Household i. The values of these budget coefficients are
calculated for each household in the Population module, for the IBT and the TBSE tarifs, then
compared with the threshold values entered by the user to identify households facing an
affordability issue and, where appropriate, to compute the extent of this unaffordability issue.
See section 7 for a detailed presentation of this data processing (with the related calculation and
breakdown of affordability indicators for the general EP / EPA service).
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Figure 11 : Subsidy and taxation (rates of) on consumption — EP Tarif 2018 Saint Paul 974 (assuming ¢ =1.50€ )

Note for the reader: in blue, the histogram of the distribution of charged water consumption for the Commune of
Saint Paul - year 2018.

T, T, T, T, Sq T, |S,+T,[C, | ADAI
D1 101 | -7.28 728 |0 7.28 30 | -37.28
D2 176 | -12.72 1272 |0 1272 | -30 | -42.72
D3 25.5 -18.41 -1841 | 0 -18.41 -30 -48.41
D4 339 | -24.46 2446 |0 2446 | -30 | -54.46
D5 427 | -30.86 -30.86 | 0 3086 | -30 | -60.86
D6 525 | -37.88 3788 | 0 3788 | -30 | -67.88
D7 645 | -4332 | 0.63 4332 | 063 | -4269 |-30 | -72.69
D8 812 | -4332 | 2.95 4332 | 295 | -4037 |-30 |-70.37
D9 1126 | -4332 | 7.32 4332 | 732 | -36.00 |-30 | -66.00
C95 | 6230 | -43.32 | 8.34 | 92.16 | 337.00 | -43.32 | 43750 | 394.18 | -30 | 364.18
C99 | 17468 | -43.32 | 8.34 | 92.16 | 132596 | -43.32 | 1426.46 | 1383.14 | -30 | 1353.14
C_type | 30.0 | -21.66 2166 | 0 2166 | -30 | -51.66
Mean | 600 | -43.32 4332 | 0 4332 | -30 | -51.66

Table 3 : Net subsidies and "taxes" on consumption and access per subscriber, by consumption decile and percentile — EP Tariff
2018 Saint Paul (¢ =1.50€).
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V - DEMAND MODULE

The Demand module calculates and breaks down household water consumption using an
econometric model of domestic water demand, in this case the one estimated for Reunion Island,
based on the household data in the Population module, by Binet, Carlevaro and Paul [2014]
(referred as BCP in the following). These calculations (related to the level and the breakdown of
water consumptions) are performed for each household listed in the Population data file, given
the water pricing policy which is evaluated/tested by the user.

5.1 Water Demand Econometrics

Using statistical data on household water consumptions, socio-economic characteristics of the
household, features of the occupied habitat, tariff parameters ..., econometric methods allow
estimating Household's water demand functions, that is the causal relationship that links
household water consumption to its main determinants (explanatory variables) such as the size
and composition of the family, its level of income, the size and type of habitat ... and the
characteristics of the water pricing. It should be emphasized that econometric methods most
often deal with data that is not derived from controlled experiments (experimental data) and, in
so doing, implement specific statistical methods (so-called "observational" studies).

Coupled with the database used for their estimation, this knowledge about the water demand
functions of the household provides in turn useful information to carry out some relevant public
policy evaluations, whether for diagnostic or simulation purposes. The information in question
refers mainly to:

. the measurement of the volumes of water that are necessary to meet the basic needs of the
household (and that change across the population),

. the price-responsiveness of water demand

with, for IBTs in particular, the measurement of the impact on household water consumption of
(i) a 1 euro increase in the subscription fee, (ii) a 10 centime increase in the price of block 1 (or
block 2, block 3, etc.), (iii) a 1% increase in all unit prices (making up the unit price scale) with the
"tariff price elasticity", or (iv) an increase in the threshold for block 1 (respectively for block 2,
block 3 ...) of 1 cubic metre.

Econometric analysis can also be completed by the implementation of dedicated methods
(Generalized Prices of Shin, nested model) to infer perceived prices of the consumers facing
potentially complex non-linear pricing schemes, such as IBTs. The latter may undermine the
incentive character of pricing, that is its capacity to fix households on sober uses of water, and
lead to overconsumptions which it is then possible to measure. See notably Arbués et al [2003],
Worthington & Hoffman [2008] and Montserrat et al. [2015] for reviews of the literature on these
aspects of the econometrics of household water demand. The latter deal with the type of data
that are used, the specification of the models estimated (choice of functional form, selection of
explanatory variables), the statistical methods that are applied to estimate the parameter values
(response coefficients) of the model (of household water demand) and the main empirical results
obtained in the literature. Reynaud [2015] provides estimates of household water demand
functions for each one of the EU-28 countries using aggregate data.
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A functional form that has been validated by a large number of empirical studies is the linear
expenditure system for which the (conditional) water demand function of household i in tranche
jis of the form:

Ri_F+Dj pzqiz

qi‘; =q +ax (5.1)

7T 7T

with!®:
. F the fixed part (subscription amount),

D, the value of Nordin D in block j ("virtual rebate"),

«  7; the unit price (per cubic metre) of block j ("marginal price"),

(see section 3.2) and:

- R, isthe income of household i,

« (@ its basic consumption of tap water,

+ 0, its basic consumption for the "other goods" (composite good),
« P, the price of the "other goods",
. Qe [0,1] a preference parameter.

The term "linear" comes from the fact that it is associated with the demand function (5.1) an
expenditure function for block j:

T, =T(af )=(1-a)(F-D; +7,q ) +ax(R - p,gs,) (5.2)

which has the particularity of varying linearly with income (it is precisely this relationship (5.2)
which is estimated, using appropriate statistical methods, with estimated values for the
coefficients of the water demand function that can be found by identification).

As tap water is little consumed on its own, a demand function such as (5.1) should be seen more
as giving the volume of water that will be used by the household, taking into account in particular
its level of income and the characteristics of the tariff, as a quantity of input in a domestic
production function, with the production of an output that can be defined, in the broadest sense,
as being "Family Well-Being" (not necessarily measurable).

The BCP functional form implemented in the micro-simulation model postulates a relationship
similar to the equation (5.1) with variables (consumption, basic consumption, variable part, etc.)
expressed not in levels but in logarithms.

1 These 3 variables relating to the "EP" or "EPA" tariff system faced by household i, depending on whether or not it
is connected to the public sewerage network, must be understood to include all taxes and charges.
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5.2 The function implemented in the DST

5.2.1 Captive component vs. "economic" component

The demand function implemented in the DST corresponds to the econometric model (in fact, to
its deterministic part) estimated by BCP [2014] on a sample of households residing on Reunion
Island. This model breaks down the logarithm of household water consumption into the sum of
2 components:

Inq=|nq0+lnf(R,F,7r1,...7r k k K‘)+8 (5.3)

1 pl 11"'] pfll
with:
« & the error term

« Inq, the captive part (of the logarithm) of demand

« In f(-) the variable part (also sometimes called the “economic” part) of this same demand
function (in logarithm).

By analogy with the linear system of expenditure, the captive portion gives the proportion (of
the logarithm) of consumption that does not respond to variations in household income and/or
changes in tariff parameters. It therefore takes the form of an incompressible consumption (or
perceived as such by the household), linked to domestic uses of water under normal conditions
of household activity (production of domestic goods and services) and for which consumption
habits (more or less efficient use of water-consuming equipment) also play a role. Following
Gaudin et al [2001], this captive part is in turn modelled as a function of the size of the family, its
composition and its equipment geared towards outdoor uses of the resource by means of the
relationship:

Ing, =-2.56+0.48-In N +0.44-SNWA +0.12 - Pool +0.37 - Garden x Weather (5.4)

with N the family size, SNWA the share of non-working adults with respect to the total number
of adults within the household, Pool a dummy variable which takes the value 1 if the household
has a swimming pool (0 otherwise), Garden a dummy variable which takes the value 1 if the
household has a garden (0 otherwise), Weather the percentage of days without rain over the
billing period (rainfall frequency). The coefficients appearing in front of each of these variables
(and whose values can be modified by the user) have an economic significance, which is explained
later in the text. The variable part is modelled as follows:

In f :—0.31In(7?}_K ><7,;‘)+0.25|n[(R— F +D, )K x(R— F)l"‘} (5.5)

with 7; the unit price of the block j in which the household's consumption places it (marginal
price), Dj the value of the associated Nordin D ("virtual reimbursement”), 7; the average price

calculated excluding subscription fees for this same consumption ( € Ij :

gL 5
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and Ke[O,l] a tariff perception parameter whose value estimated by BCP [2014], K, is not

significantly different from 0. This modelling generalises the specification in terms of perceived
price developed by Shin [1985] by also involving the parameter x on the measure of "virtual"
income of block j, with a consumer who perceives properly the tariff when the parameter «x is
close to 1 (Nordin specification) and who reasons in terms of average price when the parameter
K is close to O (Taylor specification). As with the captive part of consumption, the values of the
coefficients appearing in front of these different price and income variables can be modified by
the user (the value of the perception parameter k must be entered by the user in order to run a
simulation) and have an economic significance that is explained later in the text.

5.2.2 Estimating basic needs

5.2.2.1 The captive component — properties

As emphasized above, the captive component of the water demand relates to the part of the
water consumption which is not affected by changes in prices or income. The latter varies
nevertheless with family size, water-using devices, habitat characteristics ... according to the
formula given by (5.4) with estimated values for the response coefficients (of the various
explanatory variables (regressors)) that have a socio-economic meaning.

« The coefficient a, = 0.48 attached to the logarithm of family size measures the elasticity of
household water consumption in relation to family size.

The value obtained indicates that, all other things being equal, a 1% increase in family size is
accompanied by a 0.48% increase in household water consumption. This highlights a positive but
non-linear effect of family size on consumption (an increase from N; =1 to N; =2 corresponds

to an increase of 100%, and therefore a variation in consumption of 48%; an increase from
N, =2 to N, =3 to an increase of 50%, and therefore an increase in consumption of 24%, etc.),

which is due to collective element and existence of economies of scale in domestic water use.

Note A more satisfactory way of interpreting the value of this coefficient is to think in individual
terms with a comparison, all other things being equal, of the water consumption of households
of different sizes. In this context, the model states that a 2-person household consumes, on
average, 0.48 = 48% more water than a single-person household with the same socio-economic
characteristics. Similarly, the water consumption of a 3-person household is, on average, 24%
higher than that of a 2-person household with the same characteristics in terms of the other
determinants of demand and so on.

. The SNWA variable refers to a notion of presence at home.

The positive value (0.44) obtained by BCP [2014] for the estimation of the coefficient of this
variable establishes that, all other things being equal (and therefore for a fixed family size), a
household's water consumption is all the greater the lower the employment rate within the
family, with impacts that are then quite strong. Compared with a couple of adults who are both
in employment and for whom the SNWA variable takes the value 0, the value 0.44 means that
the household's water consumption is (to a first approximation) 44.0% higher when the two
adults are not in employment, and 22.0% higher when one of the two adults is not in employment
(a difference in logarithms approximates a growth rate).
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. The estimated value (0.12) of the coefficient associated with the Pool dummy variable
measures the impact on household water consumption of owning a swimming pool.

All other things being equal (same family size, same composition, same level of income, etc.),
households with a swimming pool consume 12% more water on average than households
without one.

- The product of the variables Garden (which is a dummy variable) and Weather (the frequency
of rainfall over the billing period) shows that climate has an impact on domestic water
consumption (in the Population module) but only for households with a garden (this variable
takes the value 0 when the indicator variable Garden takes the value 0, i.e. when households
do not have a garden).

In this context, the coefficient 0.37 indicates that, assuming that it does not rain over the entire
billing period, a household with a garden consumes on average, all other things being equal, 37%
more than a household without a garden®?. As the frequency of rainfall is in fact non-zero (58%
on average for the households in the initial sample), the presence of this factor makes it possible
to calculate for each of the household in the Population module a consumption that can be
attributed to having a garden and which appears, in fact, to be a fairly high consumption factor
(+21.4% on average)'®.

Last, coupled with the realisations of the error term g, the constant -2.56 measures the effects
of the other variables (omitted variables) on the logarithm of consumption.

5.2.2.2 Distribution of basic needs - high estimate

Taken together, these variables lead to an estimate of captive consumption, which varies from
household to household and whose distribution is shown in the histogram on Figure 12, page 58.
The values obtained are therefore quite significant with:

(i) a "fixed" water consumption that sets, on average, to 463.5 litres per day per household, (around
169 m3 on the basis of one year's consumption),

(if) consumption quartiles estimated to 300, 450 and 620 litres per day and per household, (that is
109, 164 and 226 m3 per year per household)**.

12 Since the interpretation is made ceteris paribus, this figure differs from the one that would be obtained by
comparing the water consumption of households equipped with a garden versus the water consumption of
households not equipped with a garden (with socio-economic composition that differs a priori).

13 Furthermore, as in Schleich and Hillenbrand [2009], the insignificance of other climate variables (reported by BCP
[2013]), such as the amount of rainfall or the level of evapotranspiration, suggests that households (in the Population
file) base their garden watering decisions not on the level of rainfall but on the simple fact that it has rained or not,
with a consequent misuse of water in household management of this amenity.

14 Literally, 25% of households have captive consumption of less than 109 cubic metres per year, 50% of less than
164 cubic metres per year and 75% of households of less than 226 cubic metres per year. In this way, are identified
4 consumption intervals (less than 109 cubic metres per year, between 109 and 164 cubic metres per year, between
164 and 226 cubic metres per year, more than 226 cubic metres per year), each comprising a quarter of the
population of domestic subscribers (households)..
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Figure 12 : Distribution of captive consumption - BCP [2014]

Following Gaudin et al [2001], these captive consumptions constitute in turn a high estimate of
the volumes of water necessary to cover the basic needs of households and the knowledge (in
fact, the estimate) of this distribution (as provided by Figure 12) makes it possible to assess the
correct calibration of the tariff with, in particular, the measurement of inclusion and exclusion
errors in volume (see paragraph 7.3) and in value (see paragraph 8.1.3) which are implemented
by an IBT. As highlighted earlier in the text, the design of the tariff scale involves subsidies on the
first consumption blocks and "taxes" on the higher blocks, which are collected in order to balance
the funding of the cross-subsidy system. Thus, for households in the (initial data file of the)
Population module, an initial block of 40 m® per quarter covers the basic needs (estimated at a
high level by the captive component) of roughly half the sample, and this rate rises to 75% for a
threshold of around 60 m? per quarter. Examination of the characteristics of the remaining 25%
of households that would potentially be subject to non-social pricing of the service for part of
their basic consumption shows that (i) these households are heavy consumers (957 I/d per day
per subscriber on average) with, at the same time, (ii) much lower incomes (around 30%), (iii)
more adults who are not in employment (2.46 compared with 0.91 for the sample average), (iv)
a larger family size (1 person more on average) and (v) almost systematic use of a garden (97%).
These factors therefore show that, by setting the thresholds for the first blocks, the water
manager does indeed face a risk of exclusion of large poor families for household in the
Population module.

5.2.2.3 Retreatment of the captive part

This potential risk of exclusion of large poor families must, however, be put into perspective by
the fact that captive consumption g, includes as determinants the Garden variable and also the
Pool variable, which may be considered to fall outside the scope of basic needs. For this reason,
the tool:

(1) provides an estimate of the basic consumption of households in the Population module,
denoted:
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based solely on the variables N (family size) and SNWA (rate of non-employment within the
family) using the relationship:

Ing=-2.56+0.48-In N +0.44-SNWA (5.7)

(for the default values of the response coefficients),

(2) offers the user the possibility of adding to the list of determinants of basic consumption one
and/or other of these two variables, Garden and Pool, which also enter into the determination
of captive consumption, so as to obtain estimates of basic consumption that are more in line with
the qualification of the various uses of water (basic, comfort, luxury) the user may have (the
discussion may focus in particular on the Garden, part of which may be devoted to food
production with the management of a vegetable garden).

On this basis, the model computes for each household in the Population module :

(3) the volume of non-basic water consumption g — g

(4) the volume of the variable part of water consumption g — q,

by subtracting from the volume of consumption returned by the water demand function
g = qid () (predicted value) the level of its basic consumption g and that of its captive part q,.

5.2.3 Tariff perception

The second component of the demand function (see eq. (5.3) page 55) gives the part (of the
logarithm) of the household's consumption that responds to variations in its income, on the one
hand, and to a change in the IBT pricing parameters, on the other. This is the part of demand that
can be targeted for water savings in the short term, by means of an appropriate pricing policy®.
As mentioned above, the parameter k is a tariff perception parameter whose value must be
entered by the user and which, through the polar cases k = 0 and k = 1, accounts for two main
types of behaviour: the Taylor consumer who reasons in terms of average price (Taylor [1975])
and the Nordin consumer who reasons in terms of marginal price (Nordin [1976]).

5.2.3.1 The polarcase k = 1

When k = 1, tariff perception is perfect with (conditional) demand of tranche j for household i
that writes as*®:

15 The demand function estimated by BCP [2014], by linking domestic water consumption to a given level of the
household's water-consuming equipment, constitutes a short-term demand (by definition). At the same time, and
similarly to the capital demand of a firm, variations in the price of water are likely to lead to a change in the quantity
and/or in the quality of the household's equipment, which then has an impact on its water consumption. The
demand function that takes account of this induced change in equipment is referred to as long-term demand. Most
empirical studies that estimate econometric model of household water demand estimate short-term demand. There
are, however, several contributions that estimate long-term demand (which is more demanding in terms of data
with the use of panel data). See notably Nauges and Thomas [2003] and Almendarez-Hernandez et al [2016].

16 For ease of reading, the discussion is conducted using the estimates obtained by BCP [2014]. It should be kept in
mind that the user has the option of modifying the values of these response coefficients in the Demand module.
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Ing, =Ing, —0.31In7; +0.25In(R—F + D) (5.8)

with, as a reminder, q,; the captive consumption of household i, R; the level of its quarterly
income, 7t; the unit price (per cubic metre) of block j and D; the value of Nordin's D ("virtual
reimbursement") of block j. This demand function can be compared with that which emerges
with a two-part tariff with parameters (F, ) for which'’:

Ing, =Ingy —0.31In7+0.25In(R, - F) (5.9)

Under these conditions, it appears that, for consumption g; located in block j, all goes as if (i) the
price were given by the marginal price 7, that is the price of the consumption block in which the
household is located, and (ii) the household income were not given by R; but by R; — F + D;,
that is the household income net of the amount of the subscription fee but increased by the value
of the Nordin D of block j ("virtual income").

These equivalences (in the measurement of price and income), linked to the accounting
breakdown of the water bill given by the equation (4.9) on page 36, provide a reading grid from
which it is relatively simple to analyse the (local) impacts of the various pricing parameters on
household water consumption. For the main:

- the price of the consumption block in which the household locates (marginal price) plays the
role of a traditional price which then has a negative impact, in the usual way, on the
household's water consumption;

- theinframarginal characteristics of the tariff (prices and thresholds of the consumption blocks
that precede the consumption block in which the household locates, if any), play a role
through an income effect, via the modification of the Nordin D and that of the "virtual" income
R — F + D; thus generated;

. the supramarginal characteristics of the tariff (prices and thresholds for consumption blocks
past the consumption block in which the household locates, if any) play no role (locally).

See Appendix A for the identification of these effects (and the calculation of the impacts) linked
to changes in the tariff parameters of an IBT4 for water consumption by households in blocks 2
and 3. This specification accounts for the behaviour of a consumer who has fully understood the
properties of a progressive pricing system and, as a result, implements a fully optimal
management of his domestic water use. The latter is characterised by an equalisation, at the
optimum, between (i) the household marginal cost of water consumption as given by the
marginal price scale dT /dq = m(q), and (ii) the household marginal gain in water consumption
/ the household's willingness to pay to increase its water consumption by one unit (which
decreases with the volume of water consumed g; and increases with the consumer's income R;).
This type of consumer is referred to in the literature as the Nordin consumer.

17 Note that a two-part tariff of parameters (F,7) can be analysed as an IBT2 of parameters (F,7,,7,,k; ) in which
7z, =7x and k; — +oo . Under this last condition, it is understood that household water consumptions will all be in
block 1 with a (conditional) block 1 demand which is then given by (4.9).
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5.2.3.2 The polar case k = 0
In this second polar case, the demand model is of the form:
Ing, =Ing, —0.31In7,+0.25In(R - F) (5.10)

where (as a reminder) 7; is the average price (calculated excluding subscription fee) for

consumption ¢ in block j:

T(q)-F D,
q q
Comparing this demand model (consisting of equations (5.10) and (5.11)) with the one that
emerges with two-part tariff (cf. equation (5.9) on page 60), it is seen that:

o the measure of income is now made up of income net of the subscription fee, similar to a two-
part tariff,

and:

o the measure of price is now made up of the average variable cost of consumption (for
consumption q in block j).

This specification corresponds to the behaviour of a consumer who, faced with a progressive
pricing system that may present a certain degree of complexity, summarises the properties of
the unit price scale by computing an average price, then optimises his water consumption by
equalising his marginal willingness to pay for water (see above) at this average (or perceived)
price level 7 < 7;.

This way of dealing with the unit price scale is a heuristic known as "ironing" (cf. Liebman &
Zeckhauser [2004]*®) and generates (except in the specific case of consumption in block 1; see
below) sub-optimal management of consumption by the household, with:

« over-consumption linked to an underestimation of the marginal cost of consumption
and

» mismanagement costs linked to the fact that the household reasons in terms of average price
and not in terms of marginal price (cognitive bias).

This type of consumer is referred to in the literature as a Taylor consumer.

Note It should be noted that the consumption decision is always based, when k=0, on a logic
of optimisation, but with a poor measure of the marginal cost of consumption. For the main, the
household substitutes the IBT (and the unit price scale 7 =7(q) he faces) with a flat tariff

corresponding, at the stationary equilibrium, to the long-run value of the average cost of
consumption (this flat tariff is therefore an inaccurately perceived schedule that is called a
"schmedule" by Lienman & Zeckhauser, op. cit.). See Paul [2023] for a presentation and study of
this dynamic model.

18 As stated by the authors, "Ironing arises when an individual facing a multipart schedule perceives and responds
to the average price at the point where he consumes".
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5.2.3.3 The BCP specification

Based on these two polar cases x =0 and x =1, the BCP specification [2014] is initially a nested
(statistical) model which simply consists of combining the Nordin and Taylor models by means of
a nesting parameter x:

Ing, =(1-x)Ing™ +xIng™ (5.12)
with:
Ing™ =Ing,, —0.31In 7, +0.25In (R, - F)

Ing~* =Ing,, —0.31Inz; +0.25In(R —F + D, )
to obtain in the end:
Ing, =...=Ing, —0.31x|n(;?}-'<;z;‘)+o.25x|n((Ri —F)"(R—F+D, )") (5.13)

On the basis of this, the closer the parameter k is to 0, the closer consumption behaviour will
be to the Taylor consumer, and the closer the parameter x is to 1, the closer consumption
behaviour will be to the Nordin consumer.

This (ad hoc) specification makes it possible to generalise the modelling proposed by Shin (op.
cit.), which consists of including a weighted geometric mean of the marginal price and the
average price, 7' =z~ *z*, as a measure of price, which is then called the "perceived price". The
main limitation of Shin's modelling is that it does not allow to recover the Nordin specification
when k=1, no correction being made at the same time to the income measure. The BCP
specification [2014] avoids this drawback of the Shin's approach.

Additional Information The user having the possibility, as with the determinants of captive
consumption, of modifying the response coefficients attached respectively to the logarithm of
the perceived price and the logarithm of the perceived income (that comes with), the following
(4) properties will complete this presentation.

P1 Since the average price is calculated excluding subscription fees, the BCP specification does
not generate overconsumption for households facing an IBT with consumption (; located in
block 1.

Details In this case, the average price is equal to the marginal price:

— D, 0
M= -—=m-—=n (5.14)

q q
=l-x __«x -k __Kk

with a perceived price equal to 7, "7, =7z, “7; =, (marginal price of tranche 1) and a demand
function given (locally) by:

Ing, =Ing, —0.31xIn (7711"%1")+0.25x In ((Ri ~F) " (R-F+ Dl)”)
=Ing, ~0.31xIn (77 )+ 0.25xIn((R = F) ™" (R ~F +0)"| (5.15)
=Ingy —0.31xIn 7z, +0.25xIn(R - F)
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P2 Property P1 also applies to two-part tariffs (F,z) for which:
T(q)—-F -
7-1Q)-F _Fem-F__ (5.16)
q q
with a demand equation given by:
Ing, =Ingy, —0.31xIn 7 +0.25xIn(R, - F) (5.17)

P3 For a given value of the perception coefficient «, the coefficient (here -0.31) of the logarithm
of the perceived price 77}_"72}‘ in the conditional demand for tranche j:

Ing, =Ingy,—0.31xIn (7} 7} )+0.25xIn ((Ri ~F) " (R-F+D, )K) (5.18)

measures initially (i) the elasticity of water consumption in relation to the price of a cubic metre
when faced with a two-part tariff (F,7):

dlng® og°
p, =2nG :iid:,,,:—o.sl (5.19)
4.z or or q
i.e. a 1% increase in the price (per cubic metre) 7 reduces household water consumption by
0.31%, and also (ii) the elasticity of water consumption of a household located in block 1 when
faced with an increase in the block 1 price:
d d

oln 0; | _ aql | % =-0.31 (520)
oinr, |qidell o, |qidell o}

i.e. a 1% increase in the price of block 1 reduces water consumption by household located in
block 1 by 0.31%. These demand functions then have the particularity of being inelastic with

respect to the price 7 / the (marginal) price 7, of tranche 1 (in accordance with the empirical
results highlighted in the literature)®®.

P4 Back to the conditional demand equation (5.3) & (5.5), the coefficient (here 0.25) of the
logarithm of the perceived "virtual" income (Ri—F)l_K(Ri—F+Dj )K measures nearly the

elasticity of water consumption in relation to income when the household is facing a two-part
tariff (F,z) with?:

d d
p, =onal R _ g5 R 1025 pour R >> F (5.21)
“*~3INR R q R-F

1% Meta-analysis of price elasticities are provided by Dalhuisen et al [2003], Sebri [2012] and Marzano et al [2018].
The first 2 references analyse as well income elasticities of residential water demand. See also Grafton et al. [2009].
20 Note that, for a two-part tariff, the perceived price is equal to 7 (as explained above) with, at the same time; a
Nordin’s D that is equal to 0.
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i.e. the water consumption of a household facing a two-part tariff with parameters (F, 7)
increases (approximately) by 0.25% when its income increases by 1%2!. Water consumption
appears to be a 'superior' good, i.e. water consumption increases with household income, but
not a luxury good, i.e. the share of income devoted to paying the water bill decreases with
household income. These properties are consistent with the empirical results highlighted in the
literature.

It should also be noted that, since demand functions are (from a theoretical point of view)
homogeneous of degree 0 in price and income (a property known as the "No monetary illusion"),
the value of the coefficient used to measure income elasticity (here 0.25) should normally be
equal, in absolute terms, to the value of the coefficient used to measure price elasticity (here -
0.31). It is up to the user to decide whether or not to align these 2 values.

5.3 Other issues

(1) The demand function (5.12) given on page 62 is derived from a (theoretical) model in which
the household programmes at each date t a consumption flow for the period [t,t+1] (so-called
planned consumption) on the basis of the information provided by its last bill at date t and which
relates to the previous consumption period, that is the time interval [t —1,'[] . This dynamic model

is presented and analysed in Paul [2023]. The main point is that the time series of consumption
thus generated are locally stable in the neighbourhood of the stationary equilibrium with a
related dynamic of damped oscillations.

The tool then manages this aspect in the following way.

o For a given value of x (the value entered by the user), the model first calculates the
household's consumption and the amount of the water bill on the assumption that the tariff
is properly perceived, what provides an initial point.

Then:

» Inasecond step, one calculates an average price (excluding subscription fee) and recalculates
the household's water consumption by including this average price value in the demand
function (5.3) & (5.5).

This operation results in an increase in consumption (for all households in block 2 and above), an
increase in the bill and a new average price, which is again fed into the demand function (5.3) &
(5.5) and so on. The tool then displays the value of consumption at a date t in this process (which
essentially amounts to considering that the consumer has suddenly started to think incorrectly)
and which corresponds to the value entered by the user (in the Demand module). The user can
examine the results over a time horizon ranging from 1 to 8 periods, i.e. from 1 quarter to 2 years.
In practice, the convergence is rather rapid with an assessment that can be made at T =4
quarters (that is, after one year of consumption).

21 As the billing period is quarterly, the same applies to water consumption and also to household income, which
appears in the demand function (4.18). Numerically, the value of this quarterly income R; is then effectively greater

than the amount of the subscription F with aratio R, /R, — F that is very close to 1 (for example, for a household

income of 2000 euros net per month, i.e. 6000 euros per quarter and a subscription at 30 euros per quarter, the
ratio R/ R —F takes the value 1.005).
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(2) Calculating consumption when the tariff is perfectly perceived (x =1) also requires an
algorithm to be implemented, since the equation (5.8) is not the equation of the "complete"
demand function which is here of the form:

1

. _ k7z_0.31 0.25
Ingy,; —0.31In 77, +0.25In (R, - F) if R<R, =F+| 22
Qo
_ kﬂ0'31 07125
Ink if R,<R <R,=F-D,+| =2
Qoi
; 5 k, 75" é
Inge = Ing,; —0.31In7,+0.25In(R—-F+D,) if R,<R<R,=F-D,+ =
_ k. 703 0*125
Ink, if R,<R<R,=F-D,+| 2=
qu
_ k703 r125
Ing,; —0.31In7,+0.25In(R -F+D,) if R;<R <R;=F-D,+ =2
i

(with the numerical values obtained by BCP [2014]) but that of the conditionnal demand function
of block j, for j varying from 1 to p. The procedure (which applies for each household i) is then as
follows.

Step 1 First, the level of consumption of household i is calculated assuming that it is in block 1,
i.e. using the block 1 conditional demand function:

Ing, =Ing,,—0.31In 7, +0.25In(R, - F) (5.22)

and one examines whether this quantity g is less than K, . If this is the case, one sets g =q;
and stops (because this level of consumption corresponds effectively to the optimal consumption
of agent ). Otherwise, the solution qi*1 is not admissible and one moves on to the next stage of
the algorithm.

Step 2 The level of consumption of household i is calculated assuming that it is in block 2, i.e.
using the block 2 conditional demand function:

Ing, =Ing,, —0.31In 7, +0.25In(R, - F + D, ) (5.23)

and one examines whether this quantity qi*2 is less than K, . If so, one stops and sets qid =k, (this
corner solution describes a situation in which the household, given the price increase after the
tariff threshold k;, has no interest in increasing its consumption and going beyond kK, ). If not,
one moves on to the next stage of the algorithm.
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Step 3 One checks whether the consumption @, is less than k, and constitutes an acceptable
solution (at this stage). If so, one sets qid =qi*2 and stops (because this level of consumption

corresponds effectively to the optimal consumption of agent i). If not, the solution q; is not
admissible and one moves on to the next stage of the algorithm.

Step 4 The level of consumption of household i is calculated assuming that it is in block 3, i.e.
using the block 3 conditional demand function:

Ing, =Ing,,—0.31In 7, +0.25In(R — F + D) (5.24)

and one examines whether this quantity q; is less than K, . If so, one stops and sets qid =k,
(corner solution). If not, one moves on to the next stage of the algorithm, which consists of
checking whether qi*3 <k, (in which case this quantity q; is admissible) and so on.

To conclude on this point, it should be noted that (/) the demand function resulting from a
problem of maximising a quasi-concave objective function ("utility function") in a convex set, the
solution is known to exist and to be unique (this is the reason why one is allowed to conclude in
the various cases listed above). On the other hand, (ii) while the calculation of the complete
demand function is analytically possible here, with in particular the determination of explicit

expressions for the threshold incomes for which the solutions qi*l, k,, qi*2 , Ky, qi*3 ... apply, the

same may not be true for other specifications of the water demand function with, in this case, a
resolution that has to be done numerically (taking into account the values for the tariff
parameters entered by the user). The implementation of this algorithm makes it possible to
dispense with this numerical calculation of the complete demand for determining household
consumption. This point also applies to the calculation of long-term demand (stationary
equilibrium) when the perception parameter x is not equal to 1.

(3) It should be borne in mind that the estimate of the demand function resulting from the use
of econometric methods is by no means universal and must be understood in the local sense of
the term. Notably, there is no reason why the water demand functions of households living in
the Spanish municipality of Figueres, one of the demo sites for the InnWater project, should be
the same as those of households living on Reunion Island. In particular, it is possible (not to say
probable) (i) that the explanatory variables (entering into the demand function) are not the same,
or even (ii) that the response coefficients (for a given set of regressors) differ.

For the main, a demand function describes a behavioural function and, when it comes to drinking
water consumption, it is understood that consumption habits (themselves linked to socio-cultural
factors and the relationship of population to water) will play an role in this respect. For this
reason, if the tool is to be truly satisfactory and fully operational, the econometric model of local
household demand for Reunion Island (estimated by BCP [2014]) must be replaced by an
econometric model of local demand for which the user intends to analyse the performance of
the local pricing policy. In this sense, the tool is at this stage a prototype that can be used for
demonstration and training purposes (academic and professional), in the manner of a Serious
Game, to enhance the skills of students (particularly those studying Economics, Management of
Public Organisations and Water Sciences) and stakeholders (involved in the decision-making
process relating to the setting of tariffs for public drinking water and sanitation services).
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(4) In conclusion, it should be noted that the (multiplicative) specification used for the BCP
demand model [2014] differs significantly from the linear expenditure model commonly used in
the literature (see above). However, the code used to assess the socio-economic performance of
the pricing policy was written taking household water consumption and its breakdown (captive
vs. variable part, basic vs. non-basic consumption) as inputs. In this way, the adaptations required
to enable the tool to evaluate the performance of the pricing policy in the more usual case of a
linear expenditure system are slight.

VI -INVOICES MODULE

The Invoices module brings together a range of household water accounts including a
Consumption section, an Expenditures section, a Service Costs section, a Subsidies-Taxes section
and a Surplus section.

4.1 Consumption Heading For each household in the Population module, information is provided
firstly on consumption including:

» the level of its captive consumption q;,
o the level of its basic consumption q (considering the user's reprocessing),

» the captive part of its consumption that does not meet basic needs, in this case water used
for garden maintenance and swimming pool maintenance (excluding user reprocessing),

Gi — Yo,

« the level of its IBT consumptions for (i) the value of the perception parameter x = k,, entered

by the user, qiIBT , and (ii) the reference case x =1 (with a tariff that is properly perceived),

qi'BT'PP (the acronym PP stands for 'Perfection Parfaite' in French), given the IBT tariff which is

evaluated/tested by the user,

IBT-PP IBT

» the level of overconsumption g , linked to a poor perception of the tariff, equal to

—
0 (no overconsumption) if the Household is a small consumer in block 1 and/or if there is no
poor perception of the tariff (with a parameter k¥ equal to 1),

TBSE

o the level of its TBSE consumption, 0, , based on the values entered by the user for the cost

parameters (fixed cost CF, number of subscribers n, variable unit production cost c), the VAT
rate and the unit excise dutie (General Data tab of the micro-simulation model),

» the level of non-basic consumption for (i) IBT pricing when the latter is poorly perceived,

qi'BT =@, (ii) IBT pricing when the latter is properly perceived qi'BT'PP =0, and (iii) TBSE pricing,

_gil

TBSE

g

» the level of the variable part (economic component) of (i) IBT consumption qi'BT —0p;, (i) IBT-

IBT-PP TBSE

PP consumption ¢ —0p;, and (iii) TBSE consumption G; " —0;,
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and the breakdown by block of all of these consumption variables with for instance:

(i) a basic consumption for block 1, gil;

(i) a basic consumption for block 2, ﬂiz’_

(p) a basic consumption for block p, gip ;

(and 9= 9,1 +9i2 +...+gip ) for each of the consumption blocks set by the user (with some of these
variables potentially equal to 0). This dataset also includes block variables :

Ei, BIO’ B:BT, BiIBT—PP

indicating the number of the consumption block in which the basic consumption, captive
consumption, IBT consumption and IBT-PP consumption of household i locates.

4.2 Invoices Heading On the basis of these consumption data, additional information is provided
including:

IBT-PP
T

e BT invoice amount T'B , perfectly perceived IBT invoice amount , and TBSE invoice

amount T."%*
« the expenditures associated with captive consumption ¢, , with TIBT (qio) for IBT and
To - =T(qy) for TBSE

» the expenditures associated with variable ("economic") consumptions qiIBT —0io, qi'BT'PP =i,

~Qp, with T®T —T2T T T ang T."5F T, 1% for IBT, IBT-and TBSE (this

TBSE

and (,

information is used to calculate some indicators in the field "Quality of the funding")
o the amounts of expenditure borne by the Household to meet its basic needs q under,
respectively, (i) the IBT tested by the user, T."" =Ty (9)), and (ii) the TBSE T =T o (9)

(this information is used to feed the calculation of indcators in the Affordability field)

o the part of IBT, IBT-PP and TBSE invoices linked to non-basic consumption Ti'BT —L'BT ,
IBT-PP IBT TBSE TBSE
T. -T7 ,and T, 7" =T,

for, successively, the "EP" drinking water service, the "A" wastewater service and the general
(consolidated) "EP/EPA" service. It should be noted that, as with consumption, these expenditure
amounts are broken down by consumption blocks:

IBT T IBT IBT
Ty T e T

TBT-PP T IBT-PP T./BT-PP
. ) , )
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TIBT TIBT T-IBT

=41 » 42 —,p

with (i) a variable part equal to the sum of these different invoice components :

IBT _ 1 IBT IBT IBT
T, =T; +T; +...+Ti’p,

’

IBT-PP __ T IBT-PP IBT-PP IBT-PP
Ti,v _Tiy1 +Ti'2 +...+Tiyp

-LIVBT :L|I1BT +1-LI2BT+”.+TIBT TIBT ) T-IBT

—,p 2 4,2 70 Zip

and (ii) a fixed part determined by the subscription amounts (including tax) F, and FETF,BSE (EP

service), F, and F,>F (A service), Fopop =Fop +F, and Foum = F™ + F % (EPA service),

and:

F, if ASSAINI=0
For = (6.1)
F... if ASSAINI=1

F2%F if  ASSAINI=0
Frase = (6.2)
Fooo if  ASSAINI=1

for the general (consolidated) EP / EPA service (as a reminder (see section 3), the variable
ASSAINI is a dummy that takes the value 1 if the household is connected to the collective
sanitation network, and 0 otherwise). In addition, each of these variables is broken down into an
Operator part (excluding charges and VAT), a Water Agency part (with the collection of charges
on the drinking water and wastewater services) and a State part (with the collection of VAT, at
different rates on the drinking water and wastewater services).

4.3 "Service Cost" Heading The Cost of service section simply calculates the cost that the
household passes on to the service through its consumption. This includes :

(1) a drinking water component :

CF,
C =Ce(a)= nEP +Cep X (6.3)

where (as a reminder) CF, are the fixed costs of the drinking water service, C, the cost of

producing one cubic metre of drinking water and n the number of subscribers to the drinking
water service,
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(2) a sanitation component A (for households connected to the collective sanitation network):

— CFA

CiA =C, (Qi ) +C, XG; (6.4)

A

with (as a reminder) CF, the fixed costs of "A" service, C, the cost of treating one cubic metre

of domestic waste water and n, the number of subscribers to "A" service,

(these values correspond to those entered by the user, at the start of the simulation, with the
description of the costs of EP service and A service) and :

(3) a consolidated EP / EPA part with:
Ci — CiEP
for households in Group 1 that are not connected to the public sewerage system and :

C=C™=C"(q)+C"(a)= %"‘%“‘(CEP +Ca )%, (6.5)
A

for households in group 2 that pay for both drinking water and wastewater services.
It should be noted that these service costs are calculated :

(i) excluding taxes and fees (Operator values) ;

(i) for basic consumption g , captive consumption q;, , IBT consumption ¢ , IBT-PP

IBT-PP TBSE

, and TBSE consumption ¢

consumption Q;

and per balance :

(i) for captive but non-basic consumption ¢, -0 (that s, the water uses for garden maintenance

and swimming pool maintenance (excluding user reprocessing)), for the variable ("economic"

TBSE

part of TBSE consumption ¢, —0;,, for the variable ("economic") part of IBT consumption

IBT-PP IBT-PP

excluding overconsumption Q" ' —;,, and for overconsumption ¢,°" —q,
4.4 Subsidies / Taxes Heading By juxtaposing the various components of the bill with the various
components of the "Service Cost", it is identified (for all the Households in the Population
module) the various gross and net subsidies and "taxes" that are generated by the IBT which is
tested / evaluated by the user. These include:

« the amount of the subsidy/taxation from which the household benefits on the access fee
Cio =< —F (see below);

o the amount of the gross subsidies and of the net subsidy the household benefits on its
consumption (the net subsidy takes the value 0 when the household is a net contributor to
the financing of the service, through its consumption);
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o the amounts of gross subsidies and of net subsidies granted to household "DAI";

o the amount of the gross and net contributions to service funding generated on the
consumption of household i (the net contribution takes the value 0 when the total gross
subsidies paid on household consumption is greater than the total revenue collected on this
same consumption);

o the amount of the gross and net contributions to service funding which are generated in fine
on household i (the net contribution takes the value 0 when the household costs in fine more
(to the service) than it brings in (through its bill)).

As before, these various financial flows are calculated :
« for each of the services (drinking water, wastewater treatment) and for the general service

(drinking water or drinking water and wastewater treatment),

» for the various components of IBT consumption: basic consumption, captive consumption,
captive but non-basic consumption, variable part of water consumption, variable part
excluding overconsumption, overconsumption, etc.

« for the Operator component and the State component??

and, as far as the variable parts are concerned, broken down by consumption block. These
household water accounts also provide information on inclusion and exclusion errors, in terms
of volume and value, generated by the water tariff calibration set by the user including:

» the volume of basic consumption that is subsidised by the tariff ("true positive"),

« the volume of basic consumption that is taxed/subject to a contribution to finance the service,

« the volume of non-basic consumption (; —G; which is wrongly subsidised ("false positive"),

» the volume of non-basic consumption on which a margin is generated to finance the service
and:

« the gross and net subsidies granted on basic service (Access Fee and Basic Consumption),

o the gross and net subsidies granted on non-basic service,

o the gross and net "taxes" levied on basic service,

o the gross and net "taxes" levied on non-basic service.

All this information is then used to calculate various indicators in the following fields:

» Incentive effect (for measuring the proper calibration of consumption blocks);

« Equity (with the use of index aiming at measuring the redistributive/anti-redistributive impact
of the IBT, which is evaluated/tested by the user),

» Cost recovery (identifying sources of expenditure and funding).

22 As explained above, given the mechanism of VAT which is an ad valorem tax, the application of an IBT by the
operator generates a system of subsidies/taxations form the State on the consumption tax side.
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4.5 Other impacts Finally, these water accounts contain information on:

« affordability deficits (amounts of excess spending), as defined by the PAR and CAR, for the IBT
and TBSE successively,

IBT-PP
- Ti

« the private costs of mismanagement T.'"®" , linked to tariff misperception, that are

borne by the household,

« the contribution to the recovery of environmental costs (based on the values for C,, Cc, C,,

I», and I, that are entered by the user, and the connection or not of the household to the

collective sanitation network), given the amount of its excise duty charges (which are paid
back by the operator to the Water Agency),

as well as on:

« IBT and TBSE household's contributions to the aggregate (social) surplus, in variation from the
first-best allocation (see section 9),

« variations in consumer surplus, per subscriber (household) and per capita (members of the
family), linked to the implementation of IBT compared to TBSE,

to assess the gains and costs, measured in euros, in social welfare and in private welfare
(households, individuals (members of the family)) generated by the implementation of the IBT
(which is evaluated/tested by the user).

VIl - EVALUATION - AFFORDABILITY

7.1 General information

This field of analysis aims to measure the capacity of the tariff to guarantee access by
households/individuals to the public drinking water supply (and public wastewater supply) on
reasonable/affordable/sustainable financial terms, at least for their basic needs (understood in
the broad sense, i.e. for good living conditions). The issue here is to know to what extent the
pricing policy being evaluated/tested by the user meets one of the performance points set by the
EU-WFD on water and also targets T1.4 ("By 2030, ensure that all men and women, in particular
the poor and the vulnerable, have [...] access to basic services"), T6.1 ("By 2030, achieve universal
and equitable access to safe and affordable drinking water for all") and T6.2 ("By 2030, achieve
access to adequate and equitable sanitation and hygiene for all [...]") of SDGs 1 "End poverty in
all its forms everywhere" and 6 "Ensure access to water and sanitation for all". It should also be
emphasized that, considering the principle of equality before the public service (which is one of
the characteristics of French regulations on pricing for the EP / EPA service), progressive pricing
of the social incentive type, by subsidising water consumption for the first consumption blocks,
aims to secure/improve the affordability of the service for all households (universality of service).
In this sense, the mechanism differs from the social pricing of the service, where this objective
prima facie concerns only poor households.
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In order to measure water affordability, the indicators used by the tool are based on the
calculation of two conventional ratios that are the CAR [Conventional Affordability Ratio] and the
PAR [Potential Affordability Ratio] for each of the households in the Population module. The
common idea is to assess the relative effort made by the households to access water and
sanitation services (OECD [2010]).

CAR Indicator The CAR relates the household expenditures for water, T, =T (qi), to its total

income R with the calculation of the budget coefficient:

CAR;@ for i=1...,n (7.1)

(see notably Komives et al [2005], Fankhauser & Tepic [2007] and Reynaud [2008]) with an
affordability issue that is detected when this ratio exceeds some normatively set threshold. The
latter is given by the user with the setting of the primitives of its decision problem (under the
heading Social Data in the General Data tab of the MMS). Some international institutions such as
the World Bank or the OECD suggest that water bills should not exceed 3-5% of a household's
income.

The CAR measure presents a number of limitations, the most important of which is that water
consumption linked to uses that do not meet basic needs is included in the calculation of the
indicator. In particular, this bias can lead to consider that households that use water wastefully
and/or whose water use meets luxury needs are facing an affordability issue, which is clearly
unsatisfactory.

PAR Indicator The PAR relates the charge paid by the household for its basic water consumption

g, thatis T, . =T (gi ), to the level of its income R; with the calculation of the following budget
coefficient:

T(g
PAR, =ﬁ for i=1...,n (7.2)

(see notably Foster et al. [2006], Garcia-Valifias et al. [2010] and Martins et al. [2013]). As with
the CAR, an affordability issue is detected when this ratio is above a threshold corresponding to
the one entered by the user in the same heading as the one entered for the CAR. Tle reference
value is usually set at 3%.

The main difficulty with the calculation of PAR is to measure the size of the basic consumption.
To do this, one can use standard values proposed by international institutions®® but it is now
accepted, since the work of Howard and Bartram [2003], that the volumes of water that meet
basic needs, including essential/life-sustaining needs, while being conditioned by the state of
health of individuals and cultural factor (“relationship with water”), environmental factor and
technological factor, vary over time, space and from one individual to another. For instance, it is
known that pregnant women have higher needs and that children have lower needs for water.

2 For instance, WHO and UNICEF [2008] suggest that a volume of water of between 15 and 25 I/c/d should be
considered as a basic provision to meet domestic needs. Taking collective consumption into account, the World Bank
(Komives et al. [2005]) suggests a volume of between 8 and 16 m® per household per month.
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Similarly, in an environment where the temperature is high, it is understood that more water is
needed to ensure good living conditions, in a context where social norms regarding the use of
water (probably linked to the greater or lesser ease of access to the resource ; see March & Pujol
[2009]) also play a role. Lastly, given the induced nature of drinking water consumption (linked
to the production of domestic goods and services by the household), the state of available
technology matters (through the quality of water-consuming equipment). Ultimately, all these
factors mean that basic needs, including essential/vital water needs, are heterogeneous: they
vary from region to region and, within a region, from household to household.

Given these factors and following the pioneering work of Barberan & al [2006]%*, one possible
approach is to measure the distribution of basic needs within a population, living on the area
whose the water manager is in charge, using econometric methods?® . This is precisely what the
tool does by making use of the information provided by the econometric model on the
determinants of the captive consumption (given the retreatment made by the user). It should be
borne in mind, however, that setting a threshold for assessing a family's situation is not without
its problems, given the heterogeneity of consumption behaviour. In particular, a poor household
that restricts its water consumption may not be identified.

7.2 Presentation of results - aggregate level

The first step is to identify the households (domestic subscribers) facing an affordability issue and
the weight of this category of the population in the total population. To this end, the tool
calculates the CAR and PAR for each of the households in the Population file. This calculation is
performed:

« for the tariff EP / EPA that is evaluated/tested by the user with the PAR IBT variable and the
CAR IBT variable,

« for the reference tariff system “TBSE EP / EPA” with the PAR TBSE variable and the CAR TBSE
variable.

Next, the values obtained are compared with the thresholds entered by the user (in the Social
Data section of the MMS General Data tab) above which the household is considered facing an
affordability issue. On this basis, it is created a set of dummy variables:

« two for the CAR (15, and 105 ),

« two for the PAR (1p and 12°5),

24 The authors specified household water consumption as g, =« + N, , where a (the collective part of the
consumption) and £ (the volume required for each additional member) are two parameters to be estimated. Using

a dataset of households in Zaragoza (Spain), the fixed consumption was estimated to 3.2 m3 per month and the
variable consumption to 2.35 m® per member.

25 As previously emphasised, a very common approach in the literature consists in using the linear expenditure
system. For mainland France, particular mention should be made of the results of Garcia-Valifias et al [2009], for
whom the average basic consumption (estimated at a high level by captive consumption) is of the order of 108 m3
per household per year, with significant differences between regions (86 m3 for the lowest average value (Brittany)
to 169 m? for the highest average value (Corsica)).
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which take the value 1 when the related ratio of household i (CAR®", CAR®*  PARP®T,

PARiTBSE) strictly exceeds the value of the related PAR or CAR-threshold entered by the user,

and 0 otherwise. For households facing an affordability issue, the tool then calculates the size of
excessive charges, for example :

e=T (gi) —-0.03R,

for a PAR threshold set at 3%, and displays the value 0 for households that are not. Table 4 below
illustrates this treatment of data for calculating the PAR (a similar table appears for the CAR).

i d T =1 R PAR U_rate Loar Coar

! % L R, L/R  |3% 1 e =T, —3%R,

2 9, L R, T,/R, 3% 0 0

3 “ |L R, |L/R, |3% |1 eI T, 3%R,
n-1 o Y T R T../R,, 3% 1 e =T ,—-3%R
n a, T, R, T./R, 3% 0 0

Total E_) Noar Affordability Deficit

Table 4 : PAR unaffordability measurement - basic treatment

On the basis of this information, the tool displays basic descriptive statistics for the 4 variables:
PAR IBT, PAR TBSE, CAR IBT and CAR TBSE (see Table 5, page 76), then basic indicators such as
the percentage of households facing an affordability issue or the average of over-expenditures
for household facing an affordability issue that are presented using a 3ls-type reading grid
(Incidence, Intensity, Inequality) applied in the Economics of Poverty (Sen [1976]).

Impact The tool first calculates the mean value and the median value of CARs and PARs over the
entire household population (Subscriber Approach) for successively the IBT (which is considered
by the user) and the TBSE, which is the reference tariff. On this basis, the tool displays the added
value of the IBT, in terms of PAR and CAR, compared with the TBSE, and provides additional
information on the distribution of these ratios with (i) the values of the quartiles Q1 and Q3 and
of the deciles D1 and D9, (ii) the percentage of the household population that is below the
average (the latter makes it easy to calculate the Schutz coefficient given below), (iii) the main
dispersion indicators (variance, standard deviation, MAPE, coefficient of variation, interquartile
ranges, inter-decile range) to measure the heterogeneity of these ratios (which measure the
efforts made by households to meet their basic needs / pay the water bill) within the household
population. The value of the Yule coefficient (for measuring symmetry/asymmetry of the
distribution) is also provided. On these points, see Table 5, page 76.
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In% In pour.centage
points
PAR IBT PAR TBSE | Delta PAR CAR IBT CARTBSE | Delta CAR

Mean 1.1 3.2 -2.0 2.5 4.1 -1.57
Median 0.7 2.0 -1.3 1.9 2.9 -0.99
Min 0.0 0.1 0.3 0.3

Max 10.9 21.9 12.6 23.6

Q1 0.3 0.9 1.0 1.4

Q3 1.4 3.9 33 5.0

D1 0.1 0.5 0.6 0.8

D9 2.6 8.0 5.4 9.6

F (Mean) 68.5 69.3 63.0 68.1

Variance 1.89 12.64 4.24 15.73

Standard dev. 1.4 3.6 2.06 3.97

MAPE 0.9 2.5 1.5 2.9

Coeff of Variation 1.216 1.119 0.822 0.972

Interquartile range 1.1 3.0 2.3 3.6

Interdecile range 2.5 7.5 4.8 8.8

Yule coefficient 0.29 0.30 0.23 0.18

Table 5 : Descriptive statistics PAR and CAR -- example
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Incidence Next, taking into account the information available in the Population file, it is
computed (i) the percentage of households facing an affordability issue with the headcount

ratios:
n
Household __
How " =—% (7.3)
n
H Household — npAR (7 4)
PAR n ‘

for, successively, the IBT which is tested by the user and the reference tariff TBSE as well as (ii)
the percentage of individuals facing an affordability issue and (iii) the percentage of children
facing an affordability issue (for each of these two criteria). The values of these different
indicators enable us to assess the incidence of unaffordability (as defined by the PAR and the
CAR). See Table 6, page 78, for a numerical illustration.

Intensity The tool first examines the affordability deficit calculated for the population as a whole
(thus including households for which the amount of excessive charges is 0), as defined by the CAR
and the PAR, with the calculation of the (apparent) average of excessive charges for the IBT,
which is tested by the user, and the TBSE, which is the reference tariff. This indicator is a measure
in itself of the performance of the tariff policy in terms of affordability. For this reason, the tool
displays the average gain linked to the introduction of the IBT and supplements it with data on
the median (for which half of the household population has an affordability deficit below the
value provided; this value is zero as soon as the Headcount ratio is below 50%). Next, the
dispersion/heterogeneity of excessive charges within the domestic subscriber population is
measured with the calculation of variances, standard deviations, coefficients de variation and
MAPEs. These calculations are then reproduced on the sub-population of household who actually
encounter an affordability issue (with, in particular, the calculation of the effective average
unaffordability for PAR and CAR criteria). See Table 7 and Table 8, on next page, for a numerical
illustration as well as Appendix 2 for additional elements of analysis relating to the interpretation
(and the selection) of these indicators.

Inequality Based on the above statistics, it is easy to break down the affordability deficit, as
defined by the PAR and CAR criteria, for the household population (subscribers) by:

Moar )
PAR — ZePAR _ PAR 1 Z I, _ix Ri H::;sehold xaf;f;ctlve (7.5)
n npAR P 100

with, for instance, a threshold value (entered by the user) of 3% for the PAR and in the same way:
CAR Z eCAR —H (I;!:;sehold x §g;feRctive (76)

for the CAR. These relationships break down the apparent average of unaffordability (which is in
itself an economic policy objective) as the product of the percentage of households facing an
unaffordability issue (Incidence) by the effective average of unaffordability (Intensity). Following
a suggestion by Sen, the index of this section aim to complete this measure by introducing the
third |, that of inequality within the population of households (subscribers) experiencing an
affordability issue. For this purpose, the tool gives the values of 2 + 3 basic indicators with:
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In% In perc'entage
points
Headcount ratio PAR IBT PAR TBSE Delta PAR CAR IBT CAR TBSE Delta CAR
Household 7.9 32.8 -24.9 28.8 48.3 -19.4
Individuals 7.9 31.6 -23.8 32.6 48.9 -16.3
Children 9.9 35.1 -25.2 38.0 523 -14.3
Table 6 : Incidence - headcount ratios
Apparent Deficit PAR IBT PAR TBSE Delta PAR CAR IBT CAR TBSE Delta CAR
Mean 1.39€ 17.47 € -16.08 € 9.51€ 29.03 € -19.52 €
Median 0.00 € 0.00 € 0.00 € 0.00 € 0.00 €
Variance 38.5366 1013.2596 389.6407 1718.7326
Standard deviation. 6.21€ 31.83€ 19.74 € 41.46 €
Coeff of Variation 4.47 1.82 2.076 1.428
MAPE 2.57€ 2449 € 13.97 € 3432 €
Table 7 : Intensity -- apparent affordability gap (in euros per quarter)

Effective Deficit PAR IBT PAR TBSE Delta PAR CAR IBT CAR TBSE Delta CAR
Mean 17.69 53.33 -35.64 33.00 60.17 -27.17
Median 16.15 43.78 27.85 52.73
D1 2.08 11.03 6.07 9.73
D9 37.01 102.79 64.50 119.81
Variance 202.0810 1181.3969 576.8663 1688.4959
Standard deviation. 14.22 34.37 24.02 41.09
Coeff of Variation 0.804 0.645 0.728 0.683
MAPE 11.25 30.19 19.26 35.64

Table 8 : Intensity -- effective affordability deficit (in euros per quarter)
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o the Gini index, which corresponds to the ratio of the area of concentration of unaffordability,
defined on the basis of the Lorenz curve of unaffordability, to the area of maximum
concentration (describing a situation in which a single household would bear all of the mass
of unaffordability measured in the household population) equal itself to % (to within 1/n),

o the Schutz coefficient (or "Robin Hood index"), which gives the percentage of the mass of
unaffordability that must be transferred, from household sub-population with an above-
average affordability deficit to household sub-population with a below-average affordability
deficit, to achieve equality of affordability deficits (measure of the redistributive effort),

for the household population as a whole and for the household population facing an affordability
issue, as well as:

« theinter-decile ratio D9/D1, which gives the minimum factor by which the affordability deficit
of the first decile (value of the affordability deficit below which 10% of the population is found)
must be multiplied to integrate the last decile (value of the affordability deficit above which
10% of the population is found),

« the S90/5S10 inter-decime ratio, equal to the ratio of the average affordability deficit for the
last decile to the average affordability deficit for the first decile,

« the so-called S80/S20 inter-decime ratio, equal to the ratio of the average affordability deficit
for the last quintile to the average affordability deficit for the first quintile of household,

for the sub-population of household facing an affordability issue only (except in extreme cases in
which more than 90% (80% in the case of the $S80/520) of the household population would face
an affordability issue, the values of the last three indicators involving a division by O cannot be
calculated for the population as a whole). Ultimately, these elements make it possible to define
a synthetic indicator of affordability, a la Sen, the calculation of which is left (at this stage of the
tool's development) to the user?®,

On these different points, see Figure 13, page 80. As usual, Gini index is read by relating two
areas:

(1) the first is the concentration area, equal to the area bounded by the 45° line (equality line)
and the Lorenz curve A=L(F), with F = F(x) the distribution function of unaffordability x

and A= A(x) the share of the mass of unaffordability that goes to the 100F (x)% of the
population whose unaffordability is less than x,

(2) the secund is the maximum concentration area, equal (to within 1/n) to the area of the OAB
triangle (in a situation where the aggregate affordability deficit is concentrated in a single

household, the Lorenz curve merges with the abscissa axis for the 100(1—%)% of the population

with an affordability deficit equal to 0, before rejoining the point (1,1) with the introduction of
the last household (which bears all the unaffordability) in the Pen's parade of unaffordability).

26 On this particular point, several options and approaches are possible and may require additional data processing,
particularly if one wants to reason in terms of unaffordability per capita (household member). This question will
have to be explored in future work.
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Figure 13 : Lorenz curves for Apparent and Effective Unaffordability deficit, in the sense of CAR and PAR, IBT vs. TBSE

13.1: showing the Lorenz curves for IBT & TBSE PAR Apparent Unaffordability 13.3: showing the Lorenz curves for IBT & TBSE CAR Apparent Unaffordability
13.2: showing the Lorenz curves for IBT & TBSE PAR Effective Unaffordability 13.4: showing the Lorenz curves for IBT & TBSE CAR Effective Unaffordability
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The Schutz coefficient corresponds to the maximum vertical distance between the Lorenz curve
A=L(F) andthe equality line A= F . By means of a few calculations, it can be shown that this

point (denoted S) on the Lorenz curve (at which the vertical distance F —L(F) is at its greatest)
has the coordinates S =(F(7), A(Y)), where X is the average level of unaffordability, F(X) is

the percentage of households whose unaffordability is below the average, and A(X) is the
proportion of the total unaffordability that is concentrated in households whose unaffordability
is below the average. Combined with the information in Table 7, this last property makes it easy
to locate each of the S points.

7.3 Presentation of results - more details

Once these initial elements introduced, the tool provides more detailed information on the
distribution of unaffordability within the population by producing tables, based on the CAR and
PAR calculations, in which households are broken down into sub-populations according two main
criteria (as a first step) with:

o whether households are connected to the collective sanitation network, in which case they
are charged the Drinking Water and Sewerage tariff (with the price of water almost doubling),
or not connected, in which case they are charged the Drinking Water tariff only;

o whether or not the Household is a poor household, depending on whether its standard of
living is below (strictly) or above or equal to the poverty threshold (entered by the user).

It should be noted that, from a methodological point of view, the aim is not only to focus on
particular groups of the population but also to break down (where possible) the figures obtained
for the general population into its various components calculated for the sub-populations that
make it up. To this end, one proceeds as follows.

» Firstly, the tool displays the descriptive statistics calculated for the PAR IBT, PAR TBSE, CAR IBT
and CAR TBSE for the sub-population of Households in Group 1 ("Households are not
connected to the collective sanitation network / pay for the drinking water service only") and
the sub-population of Households in Group 2 ("Households are connected to the collective
sanitation network / pay the EPA tariff").

See Table 9, page 82. Next, once these initial observations made, the tool explores:

A) the dimension of Incidence by displaying:

« the matrix of Headcount ratios for Households / Individuals / Children, as defined by the PAR
and the CAR, for the IBT and TBSE,

o the breakdown of the Household Headcount ratio into its two components Group 1 and Group
2

with for example :

H Household __ ﬁ % H Household_G1

& x H Household_G2
PAR n PAR

+ PAR
n
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PAR IBT PAR TBSE

G1 (EP) G2 (EPA) G1 (EP) G2 (EPA)
Mean 0.6 1.7 2.0 4.6
Median 0.4 1.2 1.2 3.0
Min 0.0 0.1 0.1 0.2
Max 3.8 10.9 9.9 21.9
Ql 0.2 0.6 0.6 1.7
Q3 0.8 23 2.3 6.3
D1 0.1 0.3 0.4 0.9
D9 1.5 4.2 4.7 10.8
F (Mean) 65.5 65.4 65.9 67.7
Variance 0.47 2.92 4.16 18.86
Standard deviation 0.7 1.7 2.0 4.3
MAPE 0.5 1.2 1.5 3.2
Coeff of Variation 1.091 0.991 0.991 1.038
Interquartile range 0.6 1.8 1.7 4.6
Interdecile range 1.3 3.9 4.3 9.9
Yule coefficient 0.38 0.32 0.29 0.42

CAR IBT CAR TBSE
G1(EP) | G2(EPA) | G1(EP) | G2 (EPA)
1.8 3.3 2.8 5.59
1.4 2.6 1.9 3.82
0.3 0.3 0.3 0.3
8.6 12.6 12.8 23.6
0.7 1.5 1.0 2.4
2.5 4.5 3.5 7.6
0.5 1.0 0.7 1.3
3.9 6.3 6.3 12.3
62.0 61.0 48.3 65.0
2.18 5.52 6.43 22.50
1.48 2.35 2.54 4.7
1.1 1.8 1.9 3.6
0.804 0.714 0.906 0.849
1.7 3.0 2.5 5.2
3.4 5.3 5.7 11.0
0.20 0.26 0.31 0.44

Table 9 : Descriptive statistics PAR and CAR -- Focus on Group 1 ("EP" customer segment) vs. Group 2 ("EPA" customer segment)
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in the case of the Household PAR (the same formula applies for the CAR). See Table 10, page 84,
for a numerical illustration for PAR IBT and PAR TBSE (a similar table is displayed for CAR IBT and
CAR TBSE).

B) the Intensity dimension by displaying in dedicated tables :

(1) the conditional averages of affordability deficits, apparent and effective, of Groups 1 and 2,
as defined by PAR and CAR, for the IBT (which is tested/assessed by the user) and the TBSE ;

(2) the breakdown of the affordability deficit by group ;
(3) the conditional variances of the affordability deficits listed in (1) ;

(4) the decomposition by groups of the variance of the related affordability deficit into its intra-
group component (equal to the average of the conditional variances) and its inter-group
component (variance of the conditional averages);

(5) calculation of the associated correlation ratio, which measures the proportion of individual
heterogeneity (as measured by variance) attributable to inter-group differences

with, for example :

gl xZe —iximax T 3R 0
PAR i,PAR n = 100

A

1 3R
_GZ= Ee EmaxT.——O
PAR X IPAR n —X |:—l 100 i|

h =

_ 1 3 n1 zo1 n, _c2
€rar zﬁxzei,PAF\’ =X xzeu PAR +—>< _Xzeu PAR €rar +FXePAR
i1

n

L]
V=V (efiR ) = ix Z(ei,PAR _épilR )2

n1 i=1

V, = ( PAR) - XZ( i PAR _PGAZR)

n, 9
\% (ePAR ) =Vintra ( PAR ) +V|nter ( PAR )

Vintra (ePAR ) r::- XV ( PAR ) % XV (eSAZ\R )

n _ — n — —
Vinter (ePAR ) = Fl x (ePilR ~Char )2 + 72 X (eP(,;AZR —Cpar )2

Vinter (ePAR )

2
nePAR =
V (ePAR )

in the case of the Household PAR (the same set of formulas applies for the CAR). See Table 11,
page 84.
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Table 10 : Incidence (Headecount ratios) — Focus and Breakdown Group 1 ("EP" Service) vs. Group 2 ("EPA" Service)
PAR IBT PAR TBSE Delta
f, (in %) Household | Individuals | Children | Household | Individuals | Children | Household | Individuals | Children
"EP" (A unconnected) 54.1 1.2 1.8 1.8 18.1 19.0 20.9 -16.9 -17.2 -19.1
"EPA" (A connected) 45.9 15.7 15.8 19.2 50.0 46.6 51.3 -34.3 -30.8 -32.1
Total Population 100.0 7.9 7.9 9.9 32.8 31.6 35.1 -24.9 -23.8 -25.2
Table 11 : | ntensity (apparent and actual affordability deficits) -- Focus and Breakdown Group 1 ("EP" Service) vs. Group 2 ("EPA" Service)
Apparent Deficit Household PAR IBT PAR TBSE
f, (in %) Mean Variance f_i(en %) Mean Variance
"EP" (A unconnected) 54.1 0.06 0.3437 Between 2.0827 54.1 4.50 126.2414 |Between 198.3668
"EPA" (A connected) 45.9 2.96 79.0985 | Within 36.4540 45,9 32.77 1628.1573 | Within 814.8928
Total Population 100.0 1.39 38.5366 | Corr. Coeff 5.4 100.0 17.47 1013.2596 | Corr. Coeff 19.6
Effective Deficit PAR IBT PAR TBSE
g; (in %) Mean Variance g_j(en%) Mean Variance
"EP" (A unconnected) 8.3 5.14 2.3430 Between 14.3157 30.0 24.83 191.2013 |Between 348.1182
"EPA" (A connected) 91.7 18.83 204.6219 | Within 187.7653 70.0 65.54 1108.4547 | Within 833.2787
Total Population 100.0 17.69 202.0810 |Corr. Coeff 7.1 100 53.33 1181.3969 | Corr. Coeff 29.5
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C) the Inequality dimension with the decomposition by groups of the Gini index, applying the
methodology of Lambert & Aronson [1993] and that of Dagum [1997], into its three components
Inter, Intra and Transvariation (and the provision of additional information) for, again, the
apparent and effective affordability deficits, in the sense of the PAR and the CAR, for the IBT
(which is tested / evaluated by the user) and the TBSE.

See (i) Table 12, page 86, for a numerical illustration with the breakdown by groups, G1 vs. G2,
of the Gini index of apparent unaffordability (including 0) as defined by the PAR, and (ii) Appendix
3 for a description of the methodology.

These focuses and decompositions are then reproduced for, on the one hand, a breakdown of
the population into poor households and non-poor households and, on the other hand, by cross-
referencing this latter differentiation with the EP vs. EPA distinction to produce contingency
tables providing information on the distribution of unaffordability, its extent and the impact of
the IBT compared with the TBSE with tables of the form :

Poor Non poor Ensemble
Gl (servuce EP) Hl,Poor Hl,Non_Poor H1
G2 (serwce EPA) H 2,Poor H 2,Non_Poor H 2
Total Population H Poor H Non_Poor H

Heacount ratios matrix

Poor Non poor Ensemble
Gl (servuce EP) el,Poor el,Non_Poor §1
G2 (serwce EPA) e2,P00r e2,Non_Poor €2
Total Population €poor €\on_Poor 3

Apparent Affordability Deficit (Average)

Poor Non poor Ensemble
G1 (service EP) ElTPoor EJNO“_PON €1*
G2 (service EPA) §2*’P00r EZ*,Non_PoOr €2*
Total Population Cooor §;0n_P00r g

Effective Affordability Deficit (Average)

Poor Non poor Ensemble
G1 (service EP) fLPoor 1‘1’Non_p0or f1
G2 (service EPA) fz,Poor fz,Non_Poor f2
Total Population fpoor fNon_Poor 100

Household composition Effective affordability (%)

to assess the social aspect of the tariffs, i.e. their ability to support poor households in terms of
affordability.
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Table 12 : Inequality - Focus and breakdown Group 1 ("EP" Service) vs. Group 2 ("EPA" Service) of the Gini index of apparent unaffordability, as defined by the PAR

Gini PAR IBT En % Gini PAR TBSE En %
Between 51.7 54.1 Between 40.2 50.7
Within 42.0 43.9 Within 32.1 40.5
Transvariat. 1.9 2.0 Transvariat 7.0 8.8
Total Population 95.6 100.0 Total Pop 79.3 100.0
Gini Index matrix (en %) Breakdown intergroup Gii index
Gl G2 Gl G2
G1 99.0 99.4 3.6 Gl 87.7 89.0 13.2
G2 99.4 90.9 95.9 G2 89.0 64.6 75.8

Weight matrix - calculation

f, Q; W; fj alpha_j W_ij
Gl 54.1 2.4 0.013 0.539 G1 54.1 14.0 0.076 0.530
G2 459 97.6 0.539 0.447 G2 459 86.0 0.530 0.394
100.0 100.0 100.0 100.0

Contributions matrix (in perrcentage points)

Gl G2 G1 G2
G1 13 1.9 Gl 6.7 7.0
G2 51.7 40.7 G2 40.2 25.5
95.6 79.4
Economid Distance 2-1 0.9642 0.8516
Overlap ratio 1-2 0.0358 0.1484
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VIIl - EVALUATION - THE INCENTIVE EFFECT

This field of analysis aims to measure the ability of the tariff to induce household to use the
resource sparingly. In addition to the mandatory nature of this moment in the evaluation of the
socio-economic performance of the water (and wastewater) pricing policy (which is one of the
performance points listed by the EU-WFD), it should be remembered that an increasing block
tariff of the social incentive type also aims, by setting high prices for levels of consumption
considered to be high, to induce large consumers to reduce their consumption. In this respect, it
is spontaneously necessary and coherent to see to what extent IBT actually satisfies this objective.

The tool then provides information on 3 major items relating successively to (i) the impact on
consumption of the structuring of the unit price scale (compared with a structurally balanced
two-part tariff) and the extent of the over-consumption that comes with, linked to a poor
perception of the tariff, (ii) the costs of mismanagement that this poor tariff perception imposes
on household, and (iii) the proper calibration of consumption blocks with the measurement of
inclusion errors and exclusion errors in volume.

8.1 Impact on consumption

The tool first displays:

- the average household consumption in relation to the IBT, which is evaluated/tested by the
user, making use of the econometric model defined in the Demand module (by the user with the
setting of the values for the response coefficients) to calculate the predicted consumption of
each household in the Household Subscriber file:

Oisr = Zq (qouRuF Tyse- p’kl’ o p1|KO) (8.1)

with , the (estimated) captive consumption of household i and & 6[0,1] the value of the

perception parameter entered by the user (in the Demand module)?’;

- the average household consumption in relation to the IBT when the latter is properly perceived:
qIBTPP Zq (q0|’R|’F ﬂ.l’ p’kl’ 1 1|1) (82)

- the average household consumption of TBSE (FTBSE,ﬂTBSE) (CF C)

_ 13 CF
Orese = — E ,qd (qow R, ’Cj (8.3)
A n

27 Pricing parameters are inclusive of VAT.
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In cubic metre per quarter
IBT IBT_PP TBSE A, A,

Mean 35.8 31.7 47.5 -11.7 -15.8
Median 34.1 30.0 45.3 -11.1 -15.3
Min 11.1 10.0 9.9

Max 69.5 64.5 110.5

Q1 29.6 26.8 35.2

Q3 41.3 35.6 57.6

D1 22.8 20.0 26.5

D9 49.8 441 71.0

F (Mean) 58.8 65.1 56.1

Variance 110.25 88.22 314.77

Standard deviation 10.5 9.4 17.7

MAPE 7.9 6.7 13.7

Coeff of Variation 0.294 0.297 0.374

Interquartile range 11.7 8.8 22.3

Interdecile range 27.0 24.1 44.5

Yule Coefficient 0.23 0.28 0.10

Gini Index 0.160 0.157 0.207

Schutz coefficient 0.110 0.106 0.144

Interdecile ratio 2.184 2.205 2.683

Interdecime ratio 3.016 3.028 4.020

$80/S20 2.301 2.298 2.928

Table 13 : IBT, IBT-PP and TBSE consumption (in cubic metres per quarter) - Main Descriptive Statistics

(based on the information provided by the user on production and distribution costs), which is
the reference tariff used to measure the gains/losses of the IBT in this field of analysis (similar to
what is performed for affordability). The classification of the 3 situations TBSE, IBT and IBT with
perfect perception (IBT-PP) on the basis of average consumption values in itself makes it possible
to assess the potential and actual incentive nature of the increasing block tariff which is
evaluated/tested by the user.

These three averages are then supplemented, as for the affordability field, by the calculation of
other basic statistics (see Table 13) with:

e the minimum and maximum values, the first and third quartiles, the first and last decile, and
the percentage of households whose consumption is below average,
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to get the main information about the profile of the statistical series (these different elements
are used to construct the box plots of the distribution of the variable of interest) and:

e variance, standard deviation, coefficient of variation, MAPE, interquartile range, interdecile
range

to measure the dispersion of household water consumption (and asymmetry with the Yule
coefficient) and:

» Gini index, inter-decile ratio, inter-decimal ratio, inter-quintime ratio and Schutz coefficient

to measure the concentration of household water consumption and determine whether there is
a fringe of large consumers. All of information is provided for the IBT, the IBT with perfect tariff
perception and the TBSE.

It should be noted that overall consumption IBT, Qg =NxTgr, can be higher or lower than

overall consumption TBSE, Qrgse = Nx Trpge , for the following two reasons:

o At first, the structuring of the unit price scale around the unit variable cost ¢ means that a
progressive tariff subsidises "small" consumers (who will then increase their consumption,
compared with the TBSE) and taxes "large" consumers (who will in turn reduce their
consumption, compared with TBSE), with a net effect on overall consumption that will depend
on the calibration of the IBT (with, in particular, the size of the consumption blocks that are
subsidised and the subsidy rates o; =7; —C that are granted in each of the subsidised

consumption blocks)?® 2°;

» Secundly, the introduction of block pricing (which is somewhat complex) generates over-
consumption due to poor perception of the tariff (with underestimation of the marginal
price/marginal cost of consumption) as soon as the perception parameter x (entered by the
user) is less than unity.

This over-consumption, which concerns all households in block 2 and above, therefore pushes
up the average IBT consumption, compared with a situation where the tariff would be perfectly
perceived (case k = 1)*° . To deal with the first topic mentioned above, the tool supplements
this information with:

o calculation of the average variation in consumption when it is increasing, as well as the
percentage of households whose consumption is increasing

o calculation of the average variation in consumption when it is decreasing, as well as the
percentage of households whose consumption is decreasing

for IBT and IBT-PP, compared with TBSE, in two dedicated tables:

28 These properties have been corroborated empirically. Cf. in particular Mayol [2017].

29 See also Ito [2014] for a similar discussion of the effects of electricity pricing with Californian data.

30 As a reminder, the specification of the econometric demand model estimated by BCP, with an average price which
is calculated excluding the amount of the subscription, means that there is no poor perception of the tariff for
households whose consumption places them in block 1, and this good perception of the marginal cost of

consumption also applies to any two-part tariffs (F,ﬂ) including therefore the TBSE for which (F,ﬂ') = (CTF ) C) .
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In pourcentage IBT_PP
P & Upward Downward
BT Upward 0.9 0.8 1.7
Downward *kk 98.3 98.3
0.9 99.1 100.0
Breakdown of subscriber population (%)
. IBT_PP
In cubic metre =
Upward | Downward
Upward 19.0
IBT
Downward 36.1
14.3 31.8
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Conditional average variation in Household consumption (in cubic metres per quarter)

Table 14 : Descriptive statistics for "small" consumers vs. "large" consumers

Besides, to deal with the secund topic mentioned above, the tool also displays statistics relating
to overconsumption, in particular :

» calculation of the average, taken from households, of excess consumption

» calculation of the average, taken from households, of excess consumption per capita

» calculation of the average, based on individuals, of excess consumption per capita

for the population of households and the population of individual family members that over-
consume (so-called actual averages), i.e. for households whose IBT consumption is located in
block 2 or above. Voir Table 15, page 91.

Once this information of level 1 made available, the tool displays (as for affordability) an
information of level 2 with focuses and breakdowns by groups of some of these indicators with:

« the breakdown of average IBT, IBT-PP and TBSE consumption

» the breakdown of the variance in IBT, IBT-PP and TBSE consumption

» the breakdown of the Gini index for IBT, IBT-PP and TBSE consumption
into its various components to successively:

e households broken down into two sub-populations according to (i) whether they face the "EP
tariff" alone (Group 1) or the "EPA" tariff (Group 2),

» households broken down into two sub-populations depending on whether they are part of
the most deprived households (group of poor households) or not (group of non-poor
households).
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Overconsumptions
% of over-consumers Household Per Capita Individuals

93.7 (Household) 97.0
Mean 6.1 2.1 1.9
Median 6.0 1.9 1.7
Min 0.3 0.2 0.2
Max 13.3 6.4 6.4
Q1 5.1 1.4 1.3
Q3 7.3 2.6 2.2
D1 4.2 1.1 1.1
D9 7.8 3.7 3.0
F (Mean) 51.4 60.2 58.4
Variance 3.83 1.09 0.70
Standard dev. 2.0 1.0 0.8
MAPE 1.4 0.8 0.6
Coeff of Variation 0.321 0.487 0.452
Interquartile range 2.2 1.2 0.9
Interdecile range 3.6 2.6 1.9
Yule coefficient 0.18 0.12 0.10
Gini index 0.167 Hokk 0.238
Schutz coefficient 0.114 Rk 0.168
Interdecile ratio 1.866 *EX 2.808
Interdecime ratio 3.801 Rk 4.561
$80/S20 2.417 kR k 3.282

Table 15 : Descriptive statistics - Effective overconsumption (in cubic meter per quarter)

The tool then supplements these figures with the production of contingency tables giving
information on:

« the distribution of households whose consumption is increasing
o the distribution of households whose consumption is decreasing
o the breakdown of increases in consumption
o the breakdown of decreases in consumption

for IBT and IBT-PP versus TBSE. In a similar way to affordability, the tool then breaks down into
groups:

» the percentage of household over-consumers

o the effective average excess consumption per subscriber (household) and per capita (family
member)
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« the variance of the effective excess consumption per subscriber (household) and per capita
(family member)

« the Gini index of the effective excess consumption per subscriber (household) and per capita
(family member),

next suplements this information by producing contingency tables:

Poor Non poor Ensemble

G1 (EP service)
G2 (EPA service)
Total Population

giving (i) the joint distribution of overconsumers and (ii) the joint distribution of overconsumption
for the household population (domestic subscribers) and the individual population (family
members). These elements conclude the analysis of the impact of the IBT on household water
consumption.

8.2 The costs of mismanagement

Knowing the excess consumption (linked to poor perception of the tariff) for each household in
the Population file, the tool supplements this information by calculating the excess expenditure
generated by this poor perception, for each household in the Population file, with the difference
between the amount of two invoices: the amount of water expenditure actually paid minus the
amount of expenditure that would be paid for a correctly perceived IBT consumption:

AT, =T (0 (dois R P 5 Ko K [ )) =T (@ (0o R o 7 K K s 1) (8.4)

as well as over-spending per capita (family member):

A_Ti:T(qd (qu,Ri,F,7Z'1,...,72'p,k1,...,kp_l|K‘O))_T(qd (qu,Ri,F,/Z'l,...,ﬂ'p,kl,...,kp_l|1))
N, N, N,

(8.5)

fori=1,...,n.

These quantities give an estimate of the cost of poor management that is borne privately by the
household (allocative inefficiency) on the basis of a quarter of consumption (billing period). This
information can be used:

o to assess the financial returns, which are generally quite low, for households of a capacity
investment aimed at understanding the nature of the economic calculation to be
implemented for an optimal management of their domestic uses

(the latter can be compared with the cognitive costs that seem to be relatively high when
nonlinear incentive schemes are at stake; see notably Bhargava et al [2017], Grubb & Osborne
[2015], Chetty & Saez [2015] and Cartter & Milon [2005]), or even:
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In euros per quarter
IBT IBT_PP TBSE A, A,
Mean 80.69 62.99 137.07 -56.38 -74.1
Median 70.87 58.73 127.97 -57.11 -69.2
Min 24.02 24.02 59.41
Max 323.80 230.44 281.83
Q1 52.34 38.00 97.48
Q3 99.65 76.55 175.84
D1 38.50 33.44 83.96
D9 130.04 92.28 194.24
F (Mean 62.0 63.5 51.8
Variance 1792.3861 | 956.2686 | 2061.6866
Standard Deviation 42.34 30.92 45.41
MAPE 31.13 21.67 39.90
Coeff of Variation 0.525 0.491 0.331
Interquartile range 47.31 38.55 78.36
Interdecile range 91.54 58.84 110.28
Yule coefficient 0.22 -0.08 0.22
Gini index 0.267 0.244 0.188
Schutz coefficient 0.193 0.172 0.146
Interdecile ratio 3.4 2.8 2.3
Interdecime ratio 5.2 4.4 2.8
$80/S20 3.7 3.3 2.4

Table 16 : Distribution of IBT, IBT-PP and TBSE invoices - Main descriptive statistics
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Mismanagement cost (in euros per quarter)
Household Per Capita Individuals

% of over-consumers 93.7 (Household) 97.0
Mean 18.90 6.04 5.76
Median 15.15 5.17 4.97
Min 1.03 0.55 0.55
Max 93.37 23.34 23.34
Q1 10.62 3.55 3.51
Q3 22.44 7.55 7.43
D1 5.06 2.35 2.30
D9 35.41 10.63 9.96

F (Mean) 56.9 57.7 58.6
Variance 170.8909 14.1313 11.8767
Standard deviation 13.07 3.8 3.45
MAPE 9.34 2.8 2.61
Coeff of Variation 0.692 0.622 0.598
Interquartile range 11.83 4.0 3.9
Interdecile range 30.35 8.3 7.7
Yule coefficient 0.23 0.19 0.25
Gini index 0.352 Hokk 0.313
Schutz coefficient 0.247 Hokk 0.226
Interdecile ratio 7.0 *kx 4.3
Interdecime ratio 12.4 Hokk 8.0
$80/S20 7.8 Hokk 5.2

Table 17 : Effective mismanagement cost (per household and per capital) — Main descriptive statistics
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o for the calculation of the social returns of nudges or boosts targeting the proper
understanding of the increasing block tariff system (with, in the first case, the provision of
information on the marginal cost of consumption like in Jessoe K. & Raspon D. [2014], in the
second the modification of the perception parameter x like in Brick et al. {2017]).

The model then provides basic descriptive statistics to assess the extent and distribution of
effective mismanagement costs within the population (including mean, median, variance,
standard deviation, coefficient of variation and Gini index; see Table 17, page 94). As with over-
consumption, this information is also provided by subgroups with households broken down into
2 sub-populations:

» depending on whether they are connected to the sewerage network, in which case they face
the "EPA" tariff, or whether they are not connected, in which case they face the EP tariff only;

» according to whether or not they belong to the group of poor households (based on the value
of the poverty threshold entered by the user).

As the distribution of over-consuming households obtained by crossing these two criteria has
already been provided at this stage, this information is supplemented with a contingency table
specifying the joint distribution of these mismanagement costs. Besides, the main descriptive
statistics on the distribution of invoices including VAT, in euros per quarter, for IBT, IBT PP and
TBSE are given at the very start of the analysis, similar to that given for consumption. See Table
16, page 93.

8.3 Assessing the proper calibration of the tariff

By setting up a system of subsidies and "taxes" based on consumption, Increasing Block Tariff
acts as a classifier. In particular, it is considered:

(i) in the subsidised consumption blocks, that the units consumed are basic units;

(i) in the consumption blocks that are not subsidised, that the units consumed are not basic units.

h31

The tool then implements a strict approach®* whereby it is considered:

(iii) that a cubic metre / a unit of basic consumption q (basic unit) that is not subsidised is an

issue (exclusion-type inefficiency),

(iv) a cubic metre / a unit of non-basic consumption q-9 that is subsidised is also an issue
(inclusion-type inefficiency).

These inefficiencies are then measured with standard indicators, which are used in the fields of
medicine (biostatistics), information technology (automatic classification) and evaluation of
public policies (aid programmes in particular). The inefficiencies measured here relate to errors
in volume, while errors in value (linked to the taxation of basic consumption and the subsidisation
of non-basic consumption) are examined using appropriate indicators in the fields of Equity and
Cost Recovery (with the "Quality of the Funding" topic).

31 When the IBT (considered by the user) specifies a unit price 7; =c (sale at cost in block j), the fact of not being

subsidised is not equivalent to being taxed (margined) and there is a room for adopting a non-strict approach.
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8.3.1 The confusion matrix

As pointed out above, an IBT acts (de facto) as a classifier and, when a "strict" approach is
adopted, the confusion matrix originally given by:

True value
D, D_
T True positive False positive
Predicted Value + pOSTR POSTH
T_ False negative True negative

Table 18 : Confusion matrix

(T for Test, D for Disease, D, : "the disease is present”, D_: "it is not present", T, : "the Test

result is positive/concludes the disease is present", T_ : "the Test result is negative/concludes
the disease is not present) takes the following form:

True value
D, = basic D_ = non-basic
T, = subsidies True positive False positive
Treatment - - :
T_ = does not subsidy False negative True negative

Table 19 : Confusion matrix |l

(T for Treatment, T, : "the unit is subsidised", T_ : "the unit is not subsidised", D, : "the unit is

a basic unit", D_ : "the unit is not a basic unit"). Within this framework®?, the contingency table
associated with the matrix "Table 19":

T, Nyt ny— T |
T_ n_, n__ |T_|
D, |D_| n

Table 20 : Contingency table
with:

e N_,_ the number of true positives (instances rightly processed),

++

« N__ the number of false positives (instances wrongly processed),

o
o N_, the number of false negatives (instances wrongly not processed)

e N__ the number of true negatives (instances rightly not processed),

becomes:

321t should be emphasized that the population studied here are not households but cubic metres that is, units of
service consumed by household subscribers.
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D, D_
T, Q* Q-0 1071
T Q Q-0 101
Q 0-Q Q

Table 21 : Contingency table ||

(this confusion matrix is calcuted and displayed by the tool) with:

n
Q= Zqi the overall consumption (service level);
i=1

n
|D+| =Q= Zqi the overall basic consumption (basic service level);
i=1l

n
|D_| =Q-Q= Z(qi —gi) the overall non-basic consumption (non-basic service level);
i=1

n
Q" =)0’ the overall consumption which is subsidised;
i=1

n
Q = Zqi_ the overall consumption which is not subsidised;
i=1

(unit m3) and:

n++ = §9i+ = Q+

with:

o gf the basic consumption of household i which is subsidised (treated), (_T the total basic

consumption which is subsidised;

. (qi -q )+ the subsidised non-basic consumption of household /, (Q —Q)+ the total subsidised

non-basic consumption;

o ﬂi_ the basic consumption of household i that is not subsidised, Q  the total basic

consumption that is not subsidised;

. (qi - )7 the non-basic consumption of household i that is not subsidised, (Q —Q)f the total

non-basic consumption that is not subsidised.
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8.3.2 Basic and other indicators
Next and based on the information provided by Table 21, page 97, the tool calculates the values
taken by various indicators starting with 4 key-ones (and their complements) with:
o Sensitivity (True Positive Rate) and Miss rate (False Negative Rate),
» Specificity (True Negative Rate) and Anti-specificity (False Positive Rate),
o Positive Predictive Value (Accuracy) and False Discovery Rate,
o Negative Predicted Value and False Omission Rate.

This information (with also the prevalence pZQ/Q and the subsidy rate s=Q,/Q ) is

displayed in a specific table (see Table 22, page 99), next shown on a specific diagram (see Figure
14 below) called the ROC Space (Receiver Operating Characteristic) that enables to compare the
performance of different IBTs (as classifiers). Last, the tool concludes the assessment with the
calculation of other indicators commonly used to gauge the quality of a classifier with:

« Accuracy (ACC) and adjusted accuracy (ACC*),
e Youden]J,

o Kappa Score and Cohen ratio,

e Jaccard Index.

See Appendix 4 for a detailed presentation of these different indicators and the ROC space.

Se 1

09T

08T

07T

0.6
05T
04T
03T
02T

017/

0 = T T T T T T T T

1-Sp

Figure 14 : ROC space
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D, D
T+ 9+ (Q_9)+ QJr PPV=& FDR = Q_9)+ L= PPV = 9+
Q, T Q FDR (Q—9)+
T Q (Q-Q) Q. Q (Q-Q) FOR  Q
= =) FOR ==- _RTR) LA
e ™ | Tw g
Q Q-Q Q Q bor - R
"7Q LR
Q. (Q-Q) |s-2
TPR==" | ppr o\ %), | s=
Q Q-Q Q
FNR = 2 TNR - (R-Q).
Q Q-Q
Table 22 : Calibration quality - main indicators
AcC: Acc= et 9 +(Q-9) Adjusted ACC ACC” = ACC~ACC..... = 2 (e-9)
n Q Q  Q
Youden’J: J :9——(Q_9)
Q Q-Q
Kappa Score : | _ :A(13C——*p avec p = ps, +(1-p)(1-s,)  Cohen Ratio: Im’gx = %gx_ pp* avec py™ =1+max[p—s,s—p]
_ " e _
S
Jaccard Index JAC = |9m ML Q.
Qus,| Q.+Q +(Q-Q)
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8.3.3 More details
As with Affordability and the Incentive Effect, the tool provides more disaggregated information
by producing confusion matrices:

o for group G1 only ("Households are not connected to the collective sanitation network and
face the EP tariff only") and group G2 only ("Households are connected to the collective
sanitation network and face the EPA tariff");

« forthe group of most deprived Households (with a standard of living strictly below the poverty
threshold entered by the user) and those who are not (with a standard of living at least equal
to the threshold level entered by the user)

and :

o calculation of all the indicators listed above for each of these sub-groups;
e a basic breakdown, by sub-group, of some of these indicators

(with calculation of their contribution to the value taken by the indicator on the whole
population) with for instance :

Q. Q x9—1+ Q 9_2:% TPR +%xTPR

Q Q+Q Q Q+Q Q Q
Q

PPV == = P—iwa ¢ 9 _Q PPV+Q+2><PPV2
. QI +QF QF QI +Q7 Q Q Q,

_Ql_Ql (Q_Q) Qz Qz (Q_Q)i Q-Q a1 Q2_92

Q Q Q Q Q, Q
Q Q+Q'+(Q-Q). Q+Q*+(Q-Q)

JAC = = xJAC, + = ~xJAC,
Q. +Q +(Q-Q), Q+Q +(Q-Q), Q.+Q +(Q-Q),

for the G1 vs. G2 partition (mutatis mutandis Poor vs. Non-poor partition). Finally, these
decompositions are also implemented for the typology obtained by crossing the two criteria EP
Service only (G1) vs. EPA service (G2) and Poor vs. Non Poor (with the 4 sub-populations G1-Poor,
G2-Poor, G1-Non_Poor and G2-Non_Poor) and supplemented with 3 contigency tables showing
(i) the breakdown of basic units which are rightly subsidised, (ii) the breakdown of basic units
which are wrongly taxed and (iii) the breakdown of non basic units which are wrongly subsidised.
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IX — EVALUATION - EQUITY

The Invoices module collects the information on the transfers implemented by the IBT which is
evaluated/tested by the user. On this basis, the tool addresses the question of the equity of the
EP/EPA service charge from two points of view. The first is a classical one that refers to the
characterisation of the cross-subsidy system (see notably Komives et al. [2007], Barde & Lehmann
P. [2014] and Fuente et al. [2016]). The second aims to answer a simple question that can be
formulated as follows: does the IBT (considered by the user) increase or reduce income
inequalities, compared with the reference pricing system TBSE, through its effects on the Lorenz
curve, in general, and the Gini index in particular? Once these elements have been set, the tool
breaks down the impact of subsidies and “taxes” (in fact, contributions to service funding) on
Gini index with decompositions by factors, by groups and by groups and factors.

9.1 Measuring cross-subsidies
9.1.1 Data

A) Starting point Initially, the information available in the Invoices module is as follows
(considering the case of an IBT4, to illustrate):

I Cio Ci1 Ciz Ci3 Cig Sig tig tigtSig | I |Cottigtsig | J;
1
2

n

Table 23 : Breakdown of household contributions to service funding - IBT4

with:

(1) ¢;; = F —<EF the contribution to service funding of household i on the fixed part/access fee,

counted negatively in the case of a subsidy (F < % ) and positively in the case of a "tax" (F > % );

Remark The variable C,, is “Group-specific”, with a common value to all household subscribers

CF, CF, .
i——:‘, and a common but different value

n n

to the “EPA” service (Group 2), with C,, = F, + F, —

CFep
n

to all subscribers to the “EP” service only (Group 1), with C,, = Fg, —

(2) c; =(7rj —c)xqij the contribution to service funding from household i in consumption block
J, j varying (here) from 1 to 4, which is counted negatively in the case of a subsidy (7; <) and
positively in the case of a "tax" (z; >C);

(3) g/ the consumption of block j of household i with, for instance, q' =k, , 9> =0, -k,

g’ =q' =0 for a household i whose consumption ¢; is located in block 2;
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(4) s, the sum of gross subsidies, counted (here) negatively, received by household  on all its
consumption (;:
p=4
s, =Mmin[c,,0]+min[c;,,0]+min[c;,0]+min[c,,0]= > min| ¢;,0]
j=1

(5) t, the sum of gross “taxes”, counted positively, which are levied on all consumption ¢ of

household i, hence the margin generated on household consumption i, which then takes the form
of a gross contribution to service funding:

p=4
5, =Max|c;,0]+max[c,,,0]+max|[c;, 0]+max|[c,,0] = >"max| c;,0 |

j=1
(6) t,, +S,, the net contribution to service funding of consumption ¢; from household /, counted
negatively in the case of a subsidy33;
(7) 1, a dummy variable that takes the value 1 if the consumption of household i is a net
contributor to service funding (t,, +s,, >0) and 0 otherwise (t;, +5;, <0);
(8) Cy +1, +5, the net contribution to service funding, counted negatively in the case of a

subsidy, from the household i with the Subsidy/Taxation on the Access Fee Included3?;

(9) J; a dummy variable that takes the value 1 if the household is a net contributor to service

funding (¢, +1;, +5;, >0) and 0 otherwise (¢, +t, +5,, <0).

B) Exclusion errors in values on basic consumption Feeding the algorithm (which leads to the
production of Table 23) with basic consumption ¢; of household j as an input enables to identify:

(1) the amounts of the subsidies (which are rightly paid)
(2) the amounts of taxes (which are wrongly levied)

on water basic consumptions with an output that is precisely as follows:

' Co | Cin | Ciz | Gz | Cia | Sig | tig | tigtSig | L | Ciotitigtsig | Ji

n

Table 24 : Identification of exclusion errors in values - IBT4

33 A positive value for t,, +5;, indicates that the household is a net contributor through its consumption to service

funding, i.e. the level of its consumption means that it brings in "taxes" more than it costs in subsidies.
3 A positive value for ¢, +1, +5,, indicates that the household is a net contributor to the financing of the service,

i.e. the household brings more in taxes than it costs in subsidies Axxess Fee Included.
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The definitions of the variables are identical to those given for the Table 23, page 101, except
that they refer to basic consumption. As a result:

¢ thevariable S;, gives the total subsidies, counted negatively, which are allocated by the tariff

on the basic consumption of household i, Access Fee Excluded,

o the variable tiq gives the total taxes which are levied by the tariff on the basic consumption

of household i, Access Fee Excluded.
This last variable represents a gross exclusion error, in value, borne by the household i on its
basic consumption q with the implementation of the tariff (this error takes the value 0 when the
entire basic consumption of household i is subsidised). The t, +5;, variable, when positive, then

reflects a net error of the same nature, and the C, +tq +8§, variable, when positive, a net

(exclusion) error in value Access Fee Included (meeting the household's needs requires access
to the service, and therefore payment of the access fee).

C) Inclusion errors in values on non-basic consumption The calculation of differences between
the items ¢, of Table 23 and the items ¢; of Table 24 allows to identify:

(/) the amounts of subsidies that are wrongly paid on non-basic consumption in block j, with the
values.c; —¢; <0 ;

(if) the amounts of the "taxes" that are rightly levied on non-basic consumption in block j with
the values ¢; —¢; >0.

By way of illustration, we have in particular:

- For a household whose basic consumption q isin block 1 and consumption g is in block 1:

Cio Ciq Ci2 Ci3 Cig

F— % (my — ©)q; 0 0 0

Sio 451 Ci2 Si3 Cig
F—<f (11 — ©)g; 0 0 0

Cio — Cio Ci1n —Cin Ciz — Ciz Ciz3 — Ci3 Cia — Cig
0 (mr1 —)(qi — q) 0 0 0

- For a household whose basic consumption q isin block 1 and consumption g is in block 2:

Cio Ci1 Ci2 Ci3 Ci4

F— % (1 — )k, (rp —c)(qi — k1) 0 0

S Ci1 Ci2 Gi3 Cia
F-& (my — ©)q; 0 0 0

Cio — Cio Ci1r — G Ciz — Ci2 Ciz — Ci3 Ciga — Cia
0 (my —c)(ky —qi) | (m,—c)(g; —ky) |0 0
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- For a household whose basic consumption q is in block 2 and consumption g is in block 3:

Cio Ci1 Ci2 Ci3 Ci4

F— % (1 — )k, (ry — ) (ky — ky) (3 — ) (qi — k2) 0

(& (%] (& Ci3 Cia
F-=£f (1 — O)ky (my—c)(qi—ki) |0 0

Cio — Cio Ci1n —Cia Ciz — Ci2 Ciz — Ci3 Cisa — Cig
0 0 (my =)k —q) | (m3—c)(qi—ky) |0

with elements (when they are different from 0) that will be negative for the subsidised blocks
(7; <c) and positive for the blocks that are taxed/subject to a contribution to service funding

(7; >c). Figure 15 and Figure 16, on the following pages, show the last two cases for the Saint

Paul EP tariff and an unit variable cost estimated at €1.50.

The result of this operation ("table subtraction") is to produce a Table 25 with:

. qi—4qi qi—4qi qi—di qi—di qi—di q-q
= = = = = Sig— tio— tig—g + Sig— =

! Cio i1 iz Ci3 Cig La-q La-q bq-q T oig-q | 1;

1

2

n

Table 25 : Identification of inclusion errors in value - IBT4

-9

The variables ci? =C; —C; when they are negative measure an inclusion error in value in block

Jj and the variable S, , , (which corresponds to the sum of the ci‘}'fg =C; —G; When these values

are negative) the amount of the subsidy, counted negatively, which is wrongly paid on the non-
basic consumption of household i.

The quantity t;,_, (which corresponds to the sum of the ci?_g =C; —C; when these values are

positive) gives the amount of 'taxes' that are rightly levied on the non-basic consumption of

household i (which acts as a targeted tax base) and the sum t, ., +S;, ,, the amount of the net

inclusion error incurred by subsidising the non-basic consumption @; —@; of household i when it

is negative, the amount of the net contribution to service funding that is generated on the non-
basic consumption of household i when it is positive.

The dummy variable 1?_9, when it takes the value 1, indicates that the household does ultimately
contribute to the financing of the service on its non-basic consumption.
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Figure 15 : Subsidies and "taxes" on consumption - EP tariff for Saint Paul with ( G0 ) = (25,80)

- Consomption breakdown:
g, =80=q;+q’+q’ +0q' =60+20+0+0
gi :25:9il+9i2+9i3+9i4 =25+0+0+0

q-6=80-25=(q-q) +(a-qa) +(q-g) +(q-q) =35+20+0+0=55
- Subsidies:
5, = (7, —C)xk, =(0.778-1.5)x 60 = ~43.32

(
5, =(7,—¢)x ¢ =(0.778-1.5)x 25 =-18.05

1
gy = (7:~€)(a-0), =(0.78-15)x(60- 25) =-25.27
- Taxes
t, =(7, —¢)x(q —k;) = (1.639-1.5)x (80— 60) = 2.78
t, =0

tog), = (72 =) (a- q)l2 —~(1.639-15)x20=2.78

- Net positions:

t, +s, =2.78+ (—43.32) =-40.54

tgi +S, = 0+ (—18.05) =-18.05
=2.78+(-25.27) =-22.49

t +5S

(a-a),  “(a-a)
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Figure 16 : Subsidies and "taxes" on consumption - EP tariff for Saint Paul with (g, , Qi) = (70, 200)

- Consomption breakdown:

g, =200=0; +q° +¢’ +q’ =60+60+80+0

g =70=q'+q°+¢’ +¢’ =60+10+0+0

g g =200—7O=(qi1—gi1)+(qf—gi2)+(qi3—gi3)+(qi“—gi“)=0+50+80+0=130
- Subsidies:

s, =(7, —C)xk =(0.778-1.5)x 60 = 43.32

s, =(7,—¢)x g =(0.778-1.5)x 60 = -43.32

Gi

S0, = (m=C)x(a- a) =(0.778-15)x0=0

- Taxes:
tqi =(7z2 —c)><qi2 +(7r3 —c)><qi3 =(1.639—1.5)><60+(2.268—1.5)><80= 69.78
tqi :(7;2 —c)><9i2 =(1.639—1.5)x10:1.39

g = (7 —c)x(q —g)f +(m—c)x(q —g)f =(1.639-1.5)x50+(2.268—1.5)x 80 = 68.39

- Net positions :
t, +s, =69.78+ (—43.32) = 26.46
t, +5, =1.39+ (—43.32) =-41.93

t . +s_ =6839+(-0)=68.39

(a-a),

(a-a),
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9.1.2 Net subsidies and taxes
9.1.2.1 Descriptive Statistics
The tool starts by giving the main descriptive statistics on:

(/) the subsidy on the acces fee and (ii) the (possible but unlikely) taxation on the access fee:

[CE_F if F<S

(C). = (9.1)
0 if F>cE
F-CSE if F>&

(), = (9.2)
0 if F<S&

(iii) the net subsidies granted on household water consumption:
—(ty+s,) if t,+5,<0

(tq +5 )_ - (9.3)
0 if t,+s,20

(iv) the net contributions to service funding from household water consumption:

t,+5, if %+%>O
(ty+s,), = (9.4)

0 if t,+s,<0
(v) the net subsidy including access fee :
—(Cp+t,+5,) I Co+t +s, <0
(CiO +, +5, )_ - (9.5)
0 if co+t,+s,20
(vi) the net contribution to the financing of the service including access fee:
—(Cip +ty+5,) i o+t +s, <0
(cio +1, + sq) = (9.6)

0 if co+t,+s,20

for the general service EP / EPA. This information is provided for the household population as a
whole (with the truncated variables given above), and for the sub-population of household for
which no 0 is recorded (actual values). In this case, the table also shows the weight (%) of the
sub-population concerned. See Table 26, page 108, for the net subsidies, and Table 27, page 109,
for the net contributions to service funding, for a numerical illustration.
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Table 26 : Net subsidies - Descriptive statistics
Total Population Beneficiary Population

Access Fee "DAE" "DAI" Access Fee DAE DAI
% 100.00 6.33 62.23 ¥ o o
Mean 49.98 0.21 16.77 49.98 3.30 26.95
Median 28.93 0.00 8.70 28.93 2.56 23.47
Min 28.93 0.00 0.00 28.93 0.15 0.10
Max 74.85 7.98 81.36 74.85 7.98 81.36
Q1 28.93 0.00 0.00 28.93 1.50 10.80
Q3 74.85 0.00 29.03 74.85 5.59 36.86
D1 28.93 0.00 0.00 28.93 0.25 4.38
D9 74.85 0.00 50.25 74.85 6.84 61.41
F (Mean) 54.1 94.2 63.7 54.1 61.7 54.0
Variance 523.4846 1.0436 428.9656 523.4846 6.2781 414.9678
Standard deviation 22.88 1.02 20.71 22.88 2.51 20.37
MAPE 22.80 0.39 16.91 22.80 2.22 16.60
Coeff of Variation 0.458 4.888 1.235 0.458 0.759 0.756
Interquartile range 45.92 0.00 29.03 45.92 4.10 26.06
Interdecile range 45.92 0.00 50.25 45.92 6.59 57.03
Yule coefficient 1.00 n.a. 0.40 1.00 0.48 0.03
Gini index 22.81 96.4 63.8 22.8 42.6 41.9
Schutz coefficient 22.8 93.8 50.4 22.8 33.6 30.8
Interdecile ratio 2.59 n.a. n.a. 2.59 27.24 14.03
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Table 27 : Net taxes (margins) - Descriptive statistics
Totak Population Beneficiary Population
Access Fee "DAE" "DAI" Access Fee "DAE" "DAI"
% 0.00 93.67 37.77 * *x *ox
Mean 0.00 49.87 16.45 0.00 53.24 43.54
Median 0.00 39.54 0.00 0.00 42.17 27.68
Min 0.00 0.00 0.00 0.00 0.05 0.75
Max 0.00 321.45 246.60 0.00 321.45 246.60
Q1 0.00 15.93 0.00 0.00 19.36 13.33
Q3 0.00 68.96 18.73 0.00 69.97 62.56
D1 0.00 1.98 0.00 0.00 7.65 4.43
D9 0.00 108.14 57.25 0.00 113.17 101.23
F (Mean) 0 59.2 73.3 0 59.6 64.6
Variance 0.0000 2276.6396 1121.8347 0.0000 2251.0719 1790.3405
Standard deviation 0.00 47.71 33.49 0.00 47.45 4231
MAPE 0.00 34.72 22.40 0.00 34.26 31.95
Coeff of Variation n.a. 0.957 2.037 n.a. 0.891 0.972
Interquartile range 0.00 53.03 18.73 0.00 50.61 49.23
Interdecile range 0.00 106.15 57.25 0.00 105.52 96.80
Yule coefficient n.a. 0.11 1.00 n.a. 0.10 0.42
Gini index n.a. 48.4 80.9 n.a. 45.0 49.4
Schutz coefficient n.a. 34.8 68.1 n.a. 32.2 36.7
Interdecile ratio n.a. 54.56 n.a. n.a. 14.79 22.86
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9.1.2.2 Relative benefit and contribution curves

The tool next uses a diagram often used in the literature (see notably Estupiiian et al. [2007]) to
assess the redistributive/anti-redistributive nature of subsidies and “taxes” with:

(i) the relative benefit distribution curves for, successively, the net subsidy “Access Fee Excluded”
and the net subsidy “Access Fee Included”;

(i) the relative contribution distribution curves for, successively, the net contributions to service
funding “Access Fee Excluded” (these are the margins generated on consumption) and the net
contributions to service funding “Access Fee Included” (these are the margins generated on
household).

These curves show the concentration of the variable of interest in relation to the standard of
living of household (domestic subscribers). See Figure 17 on page 111 for an illustration and
Appendix 5, which gives details of the construction of these diagrams focussing on the net
subsidy “Acces Fee Excluded” case.

These infographics are next completed by the calculation of two scalar indices (per variable of
interest) with:

(1) the calculation of quasi-Gini index which can take on negative values (see Figure 17.1 and
Figure 17.2) with a system (of cross-subsidies) which is then described as redistributive,

(2) the calculation of Omega ratio, defined as the ratio between the share of subsidies (mutatis
mutandis of taxes) that goes to poor household divided by the poverty rate, here the percentage
of poor households,

(both indicators are also computed for the most likely case in which the tariff would subsidise
the right of access, as displayed in the table below). The first indicator makes it possible to assess
the overall redistributive/anti-redistributive nature of (net) subsidies and (net) contributions to
service funding (in particular, the closer the indicator is to —1, the higher the proportion of (in
this case net) subsidies going to the poorest households; conversely, the closer the indicator is
to 1, the higher the proportion of (in this case net) subsidies going to the wealthiest households).
The second indicator, which also corresponds to the ratio of the average subsidies received by
poor households to the average subsidies received by the population as a whole, measures the
social fairness of the tariff mechanism (in relation to the pivot value & =1 which describes a
situation in which subsidies and taxes are randomly distributed within the population of
households).

This information is shown in the tool for the population of the household (see table below) and,
also, for the population of individuals with the calculation of per capita values.

Sub DA Sub DAE | Sub DAI | Margin_DAE | Margin_DAI
Mean 49.98 0.21 16.77 49.87 16.45
Mean Poor 51.25 0.34 21.46 39.26 9.12
Q ratio 1.03 1.64 1.28 0.79 0.55
Quasi Gini Index -1.09 -52.3 -23.5 17.4 35.0

Table 28 : Quasi-Gini Index and Omega ratios
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Figure 17 : Relative Benefit and Contribution Distribution Curves (Q ratio values and Quasi-Gini Index (visualization))
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17.2: showing the relative beneficiary curve for DAI subsidies
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17.4: Showing the relative contribution curve for DAI taxations
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9.1.2.3 Absolute beneficiary and contributor curves

The tool concludes this initial analysis on the distribution of subsidies and net “taxes” along the
spectrum of living standards with the production of a second infographic frequently used in the
literature (see notably Gémez-Lobo & Contreras [2003]). Originally, this diagram is used to
measure and visualise the exclusion and inclusion errors for households relative to a target
population defined here as the population of poor households. The exclusion error is then
defined as the percentage of the population of poor households who do not receive any subsidy,
and the inclusion error as the percentage of the population of beneficiaries who should not
receive a subsidy, i.e. who do not belong to the target population. As apparent, the
implementation of this approach focuses attention on one of the dimensions of the social
component of the tariff, namely its ability to reach poor households through the cross-subsidy
system.

To calculate these household inclusion and exclusion errors, one needs to identify poor families
and those who are not in the Subscribers file of the Population module. This operation is carried
out on the basis of the value set by the user for the poverty threshold (in the Social Data section

of the General Data tab), with the creation of a dumy variable 17° that takes the value 1 if the
household is in poverty and 0 otherwise. On this basis, the tool constructs the Absolute

Beneficiary Curve which, in the case of net subsidies “Access Fee Excluded” (tq +5, )7, (mutatis

mutandis the net subsidies “Access Fee Included” (CO +1,+5, )7) graphs the cumulative number

of beneficiaries against the normalised rank of households in Pen's parade of living standards
with:

B, = —er (9.7)

for h=1,...,n with 1i* a dummy variable that takes the value 1 if the household i" is a net

beneficiary of the Acces Fee Excluded subsidy system and O otherwise (as with the relative
benefit distribution curve, households are ranked in ascending order of their standard of living).
The graph of this function is shown in blue in Figure 183%, on next page. Finalising the diagram
requires:

o todisplay the 45° line and the vertical line of poverty F =F,, (in green in Figure 18);

« to draw, at the point of intersection (marked A) between the 45° line and the poverty line

F =F,,,, the horizontal segment AB with A=(F,,,F,) and B=(LF,,).

The curve formed by the broken line OAB (in red in Figure 18) constitutes the Perfect Targeting
Curve, in which only 100F, % of poor households benefit from subsidies. The latter enables to
vizualise:

(1) the exclusion error with the ratio:

35 The variable r (which is similar to an increasing cumulative frequency) corresponds to the standardised rank of
Households in the Pen's parade of living standards.
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A-C _ I:Poor — B(FPoor)
A F

Poor

(9.8)

with B(Fpoor) the percentage of poor households that actually benefit from the subsidy system

(in the present case, net subsidy Access Fee Excluded);

(2) the inclusion error with the ratio:

D-C _B(1)~B(Fey)
1 B(Y

(9.9)

where B(1) is the percentage of households that actually receive a subsidy.

One of the advantages of this infographic is that it makes it possible to determine the size of the
inclusion and exclusion errors for households at any value of the poverty line and, in particular,
for households close to the poverty line (set by the user), and, therefore, in a vulnerable situation.

B 1

0971

08T

06T

05T

0.4

027

Figure 18 : Cumulative Beneficiary Curve for DAE net subsidies

This inforgraphic is then produced for, successively, (i) the net subsidies Access Fee Excluded, (ii)
the net subsidies Access Fee Included and, also, (iii) the margins generated on household
consumption (net contributions to service funding Access Fee Excluded) and (iv) the margins
generated on Households (net contributions to service funding Access Fee Included). which are
generated by the IBT that is tested/assessed by the user3®. See the set Figure 19 on next page.

36 For these two variables, the Perfect Targeting Curve changes: it merges with the x-axis to the left of the Poverty
line, and increases linearly, at a rate of 1 to 1, with the normalised rank of households to the right of the Poverty
line. For the main, these curves simply state that poor households should not be charged on their consumption / on
their basic consumption and the Access Fee, and therefore lose out compared to the TBSE (for the given IBT
consumption).
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Figure 19 : Absolute Benefit and Contributor Curves

19.2: showing the absolute beneficiary curve for DAE subsidies
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19.4: Showing the absolute contributor curve for DAl taxations
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The measurement of household exclusion and inclusion errors is next supplemented by the
calculation of the leakage rate, which gives the percentage of the mass of net subsidy that does
not go to the target population, in this case households living in poverty, and the "fiscal" burden
for this category of the population (with the proportion of the mass of the net contributions to
service funding, Access Fee Included and Access Fee Excluded, that are borne by poor
households). This information is shown in Table 29 below. As apparent, insofar as one deals with
net subsidies and net "taxations", Access Fee Included and Access Fee Excluded, the exclusion
errors on the "DAE" and "DAI" subsidies correspond to the inclusion errors on the contributions
tothe "DAE" and "DAI" funding (modulo the case of poor households for whom the system would

be neutral).
En % Sub DA Sub DAE Sub DAI Margin_DAE | Margin_DAI
EE 0 92.1 27.8 5.0 53.3
El 52.8 5.0 53.3 92.1 27.8
Leakage rates 51.6 22.8 39.7
Burden share 37.1 26.17

Table 29 : Inclusion/exclusion errors, leakage rates and burden share

To conclude, it should be noted that the tool offers the user the possibility of reproducing the
entire analysis (Descriptive Statistics + Relative Benefit and Contribution Curves + Absolute
Beneficiary and Contributor Curves) just presented in the case of the general "EP/EPA" service
for, successively, the drinking water service, the collective sanitation service and the complete
drinking water and collective sanitation service (which amounts to focusing on Group 2). For the
sake of completeness, the user can also focus on households in groups 1 and 2 for the drinking
water service alone.

9.1.3 Net errors of exclusion and inclusion in value

The tool reproduces all the elements in 9.1.2 for net subsidies and net taxes on basic and non-
basic consumption (information on gross subsidies and gross taxes appears in the Cost Recovery
field). See, by way of example, Table 31, Table 32, Figure 20 and Figure 21, pages 116 to 119 that
relate to basic service as well as the table below which provides information on the inclusion and
exclusion errors for basic service generated by the same tariff as the one evaluated with Table
29. The point is that a rather different (but complementary) reading is provided with, in particular,
a tariff that now appears to be anti-redistributive. Finally, and as before, the user can focus on a
service (EP, A, EPA) and, for sake of completeness, on households in group 1 and group 2 for the
drinking water service (the examination of A and EPA services concerns group 2 only).

En % Sub DA Sub DAE Sub DAI Margin_DAE | Margin_DAI
Exclusion Err. 0 37.0 0 78.8 *k
Inclussion Err. 100 79.8 100 37.0 *x
Leakage rates 51.6 57.9 53.2

Burden share 71.5 *k

Table 30 : Inclusion/exclusion errors, leakage rates and burden share — Basic consumption
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Totak Population

Beneficiary Population

Access Fee "DAE" "DAI" Access fee "DAE" "DAI"
% 100.00 71.83 100.00 *k ** **
Mean 49.98 4.80 52.63 49.98 6.68 52.63
Median 28.93 7.10 36.82 28.93 7.50 36.82
Min 28.93 0.00 30.51 28.93 1.58 30.51
Max 74.85 8.22 83.07 74.85 8.22 83.07
Q1 28.93 0.00 36.52 28.93 7.00 36.52
Q3 74.85 7.69 74.05 74.85 7.69 74.05
D1 28.93 0.00 36.08 28.93 3.09 36.08
D9 74.85 7.80 79.49 74.85 7.88 79.49
F (Mean) 54.1 39.7 55.5 54.1 22.4 55.5
Variance 523.4846 11.4040 355.4662 523.4846 3.3242 355.4662
Standard deviation 22.88 3.38 18.85 22.88 1.82 18.85
MAPE 22.80 3.14 18.03 22.80 1.37 18.03
Coeff of Variation 0.458 0.704 0.358 0.458 0.273 0.358
Interquartile range 45.92 7.69 37.53 45.92 0.68 37.53
Interdecile range 45.92 7.80 43.41 45.92 4.79 43.41
Yule coefficient 1.00 -0.85 0.98 1.00 -0.46 0.98
Gini index 22.81 37.1 19.0 22.8 0.1 3.2
Schutz coefficient 22.8 32.7 171 22.8 10.3 17.1
Interdecile ratio 2.59 *x 2.20 2.59 2.55 2.20
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Table 32 : Net Tax (Margin) Basic Service - Descriptive Statistics

Total Population Beneficiary Population
Access Fee "DAE" "DAI" Access fee "DAE" "DAI"

% 0.00 28.17 0.00 ok o ok
Mean 0.00 2.15 0.00 7.63
Median 0.00 0.00 0.00 6.44

Min 0.00 0.00 0.00 0.11

Max 0.00 33.20 0.00 33.20

Q1 0.00 0.00 0.00 0.80

Q3 0.00 0.80 0.00 10.51

D1 0.00 0.00 0.00 0.80

D9 0.00 6.72 0.00 21.41

F (Mean) 0 80.3 0 69.9
Variance 0.0000 29.5759 0.0000 63.1990
Standard deviation 0.00 5.44 0.00 7.95
MAPE 0.00 3.33 0.00 5.90

Coeff of Variation n.a. 2.531 ok 1.042
Interquartile range 0.00 0.80 0.00 9.71
Interdecile range 0.00 6.72 0.00 20.61

Yule coefficient 1.00 ok -0.16

*

Gini index 86.8 ok 53.0
Schutz coefficient 77.5 ok 38.7
Interdecile ratio n.a. ok 26.76
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Figure 20 : Relative Benefit and Contribution Distribution Curves —Basic Service
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20.2: showing the relative beneficiary curve for DAl subsidies
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20.3: showing the relative contribution curve for DAE taxations

No household is a net contributor to service funding

on its basic consumption.

18.4: Showing the relative contribution curve for DAI taxations
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Figure 21 : Absolute Benefit and Contributor Curves — Basic Service
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21.1: showing the absolute beneficiary curve for DAE subsidies

21.2: showing the absolute beneficiary curve for DAI subsisides
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21.3: showing the absolute contributor curve for DAE taxations

No household is contributor to service funding

on its basic consumption Access Dee Included

21.4: Showing the absolute contributor curve for DAl taxations
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9.2 The impact on inequality - Lorenz curves and Gini index

The main focus here is on the impact of progressive pricing on household income inequalities
(Domestic Subscriber Approach). To this end, the tool uses the following methodology:

Stage 1 The first step is to compare (i) the Lorenz curve of household income that emerges with
the IBT considered by the user and the IBT consumptions, for instance with an IBT4:

quBT=qid(F,ﬂl,ﬂz,ﬂB,ﬂ'4,k1,k2,k3) (9.10)
with (ii) the Lorenz curve that emerges with the TBSE in which:

g =g (<,c) (9.11)
Under the IBT pricing scheme, the available income net of the water bill of the household i is
given by:

R™"®T =R -T*" =R —(F-D, +7,¢*") (9.12)

with D; the value of Nordin's D ("virtual cashback") and 7, the marginal price faced by household
i. If the water utility now applies a TBSE, we have:

RMLTESE _ R _TTESE _R _[%_l_CXqiTBSE) (9.13)

After ranking for each pricing scheme households by income level, net of the water bill, from the
lowest one to the highest one, the tool:

o represents the two Lorenz curves, Lg and Lz , of the net household income

Rinet_lBT — Ri _TiIBT and Rinet_TBSE — Ri _TiTBSE ;
and next computes:

« the Gini index for the TBSE pricing scheme with the TBSE consumptions ¢'>° and the TBSE

TBSE ,

TBSE __ CF
T ===+C0Q, " ;

water bills

T

« the Gini index for the IBT pricing scheme with the IBT consumptions qi'B and the IBT water

bills T, =F - D, + 7,q"°" .

The gross impact of the IBT on inequality (in household net income) is then measured by the
change in the Gini index:

Al =157 —lgse (9.14)
Geometrically, this variation corresponds to the difference in area between the Lorenz curve of

net income L;, calculated with IBT consumption/invoices, and the Lorenz curve of net income

Lgse calculated with TBSE consumption/invoices (it should be noted that, , in practice, the two
curves are often very close to each other with a very small variation in the Gini index)
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Step 2 Compared with the TBSE, the change in net income of the household i generated by the
introduction of the IBT is, except for the sign, given by the change in water bill with:

net _ pnet IBT net_TBSE
AR™ =R —R

:Ri—(F—Di+7rixqi'BT)—{Ri—(£+cqiTBSEH (9.15)
n

:—[(F -D, +7, xqi'BT)—(CTF+CxqiTBSEH

This variation in income can be expressed as:

AR™ =—(F —CTF"‘(”i _C)XQiIBT - Dij"'cx(qiTBSE _quBT)Z A+B; (3.16)
A E—[F —CTF+(7zi —c)xq°" —Dij:—(cio +1, +si,q) (9.17)
Bi ZCX(qiTBSE _quBT) (9.18)

with G, = F—% the subsidy/taxation on the access fee, t, +S, the net margin (possibly
negative) generated on the consumption of household / and ¢, +t, , +5; , the net contribution

to service funding of household i. Then, as apparent, the comparison of the two Lorenz curves /
of the two Gini index is affected (at this stage) by two main effects:

o the first term (A series) relates to the impact of subsidies/taxes on the access fee and

IBT IBT

consumption which are set up by the IBT for the given consumption levels q," , 0, T

R
This element is captured by the series of terms A which are:

(/) positive for households that are net beneficiaries of the cross-subsidy system (with, in this
case, C, +1, +5;, <0 and a household income that increases by —(C;, +t, +5;,) >0 compared

to the TBSE);

(i) negative for households that are net contributors to the funding of the cross-subsidy system
(with, in this case, ¢, +t , +5;, >0 and a household income that decreases by ¢, +t;, . +5;, >0
compared to the TBSE).

This translates into a change in the Lorenz curve of household income net of the water bill and,
as a result, into a change in the Gini index.

» the second term (B, series) relates to the impact of variations in consumption, linked to the
switch from a TBSE to an IBT (potentially financially unbalanced, see below), which per se
generate a change in water bills and, therefore, a change in the net incomes R™ =R -T, of

the household, excluding subsidies/taxes on water consumption and access fee.

In particular and as apparent:
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« the B, effect will result in an increase in the net income of household i (via lower bills) if the

introduction of IBT generates a fall in consumption for household i with ¢'°" < g%, i.e. if
IBT pricing is water-saving incentive for household i, and a fall in the net income of household

i in the opposite case (g"°" > q'°% )¥.

>q;

Taking these two effects into account, the A series and the B, series, leads (i) to a comparison of
3 Lorenz curves:

« the Lorenz curve associated with a TBSE with TBSE consumption ¢, >

(already considered in
step 1),

« the Lorenz curve associated with a TBSE with IBT consumption ¢°"

(this Lorenz curve is a new
one),

IBT

» the Lorenz curve associated with an IBT with IBT consumption ;- (like the first one, it was

already entered in step 1),

and (ii) to decompose the change in the Gini index following the transition:

Lrgse (A7) = Ligr (6°7) (9.19)
into the sum of two terms referring to the passages:

Lrase (qiTBSE) — Lrgse (quBT) — Ligr (quBT) (9.20)
The effect on the Gini index linked to the transition:

Lrese (A7) = Lygee (G°7) (9.21)
represents an effect on income inequalities linked to the incentive effect of the IBT which the
terms B, =cx (g —q°®") are accounting for. The terms A =—(C,+t,+5,) refer to a
comparison between the IBT and the TBSE for a given IBT consumption. They relate to the
transition:

Lrese (quBT) — Ligr (quBT) (9.22)

and refer directly to the impact of subsidies/taxations (Access Fee Included) on income
inequalities. The tool then calculates the variation in the corresponding Gini index by considering

the Lorenz curve generated by IBT, Lz;, and the Lorenz curve generated by IBT consumption

invoiced at a unit price of ¢ and an access fee of <&, thatis L;gg (0jg7) . A first decomposition of
the Gini index is thus obtained with:

Ai=Agi+A,i (9.23)

37 As a reminder, compared to TBSE, the introduction of a social incentive type IBT results in (i) an increase in
consumption for "small" consumers and (ii) a decrease in consumption for "large" consumers with (iii) an impact on
overall consumption which is then undetermined.
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Step 3 One difficulty in comparing the 2 Lorenz curves, Lo (0°") and L (q°"), is that the

I‘IBT (ql
and constitutes therefore a direct subsidy by the operator for the benefit of household if it is
negative, a direct taxation by the operator against the household if it is negative. In contrast, the

Ligse (qi'BT) curve has a REX equal to 0 (by construction). In order to highlight the impact of this

®T) Lorenz curve is accompanied by an Operating Profit (REX) which is a priori non-zero,

REX (and of the potential direct subsidy/taxation on the part of the operator) and identify a net
effect of IBT, it is to consider a particular IBT tariff in which:

o the subscription fee sets still to F ;

o all prices 7; are increased by X > 0 euros when the REX is negative, and reduced by X euros

when the REX is positive, so as to restore the financial equilibrium of the service for the

unchanged consumptions ¢, = qi'BT, that is for the consumption levels that are in line with the
IBT considered by the user.

In what follows, this reference IBT will be referred to as the Apparently Balanced IBT (IBT-AE)%®.

As this price variation Az; =X, for jvarying from 1 to 4 in the case of an IBT4, does not modify

Nordin's D, the equation to be solved writes down:

Y [F-D +(z+x)g® |=CF+cx Y g (9.24)
=1 i=1
Its solution is:
C C,+t +5
quitwXKF_%J_%;[(@—C)quBT_Diﬂ:_% (9.25)
=IBT

(see Appendix 6 for details of the calculation) with T~ the average household consumption for
the IBT tariff which is assessed/tested by the user, C,, =F —% the subsidy/taxation on the
access fee and:

. 1 n

L, +5, Zﬁg(tiq +Si,q) (9.26)

the average net contribution, through consumption, of household subscribers to the financing of
the system. As apparent, X=0 when the IBT is financially balanced with:

t,+s, :%iz;:(tiq+si'q)=—ci0:—(F—CTFj>O (9.27)

when the access fee is subsidised ( F < % ).

38 "Apparently" because this revision of the unit price scale results in a fall in consumption when x > 0, an increase
in consumption when x < 0 (this revision does not change Nordin's D and generates a variation in the marginal price,
from 7; to 7/ = 7, + x). This mechanism can be seen as a reimbursement / a contribution to the financing of the
service, which would be made ex post and based on the household's water consumption. Other assumptions
concerning the financial rebalancing are also possible (for example, the REX could be divided equally with a lump
sum of -REX / n for each household).
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With this IBT-AE tariff scheme, the variation A in the net income of household i
net_IBT ¢/~ IBT net_TBSE ¢~ IBT CF IBT
A=R"" (g7 )-R™ (g ) =~ F—T+(7ri—C)><qi -D, (9.28)

is broken down as follows:

A = I:Rinet_IBT (qIBT) Rnet IBT-AE ( IBT):I I:Rinet_IBT—AE (qIBT) Rnet TBSE ( IBT):I

(9.29)
=xxq"°" —KF —%j+(ﬂi +x-c)xq® — Di}: A+ A

with:

A = Rnet IBT( IBT) Rnet IBTAE( IBT) qul (Cio+tq+sq)xgi (9.30)

IBT
i

the impact of the REX (under the refinancing method envisaged) on the income, net of the water
bill, of household i and:

(9.31)

A= Rnet IBT-AE (g IBT) RnetTBSE(qIBT) (F—Ej+(ﬂi+X—C)Xq:BT—D-
n

the impact of the revised IBT (as described above) on the income, net of the water bill, of

household i. As is apparent, there are therefore 2 sources of variation in household income:

o the first (cf. the term A)is an ex-post contribution which measures the impact of REX (direct
support / direct taxation by the operator) on the Lorenz curve of net income, after payment
of the water bill;

« the second (cf. the term A") measures the effects of the IBT for an apparently balanced
financing of the service, with an ex-post refinancing, based on the consumptions, at a rate of
X euros.

In the event of a deficit, the catchingup X>0:

(/) reduces the amount of the gross subsidy (7, + X—C)qiIBT (calculated using a Nordin approach)

when 7, <C, i.e. when the household's consumption is located in a subsidised block,
and:

(i) increases the amount of the gross margin (7; +X—C)qiIBT (same remark) when 7; >C, i.e
when the household's consumption is located in a taxed consumption block.

This effect leads to:

BT

« determine the Lorenz curve associated with an IBT-AE, with IBT consumption ¢.°" and a tariff

in which all the unit prices 7; vary by x euros (this Lorenz curve is denoted in the following
Ligr-ae (quBT) );
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o tocompare this Lorenz IBT-AE curve with the one that emerges with a TBSE, for the given level

IBT

of consumptions g, =0,” , to measure the impact of the structuring of the pricing policy with

an apparently balanced financing of the service (i.e. without direct support);
o to calculate the resulting change in the Gini index.
Besides:

o the comparison of the IBT-AE Lorenz curve with the IBT Lorenz curve shows the effect
generated by the subsidy/direct taxation by the service operator;

« the resulting change in the Gini index then reflects the impact of this direct subsidy/taxation
on income inequality.

Ultimately, the move:

Lrgse (6°%) = Lrgse (6°7) = Ligr (6°7) (9.32)
is therefore broken down into:

Lrese (@) = Lrase (6°) = Ligrae (0°7) = Ligr (6°7) (9.33)
with a (related) variation in the Gini index, which in turn can be broken down as:

Al =AgI+ A=A+ ALT+A, (9.34)

To conclude, it should be noted that, with the construction of the Lorenz curve L ¢, there is

no change in the subsidy/taxation on the access fee or in the degree of progressivity of the tariff
as measured by Nordin's D (price variations dﬂ'j =X are simply reflected by a shift up the unit

price scale in the case of a deficit, and down in the case of a surplus). In this context, the shift
from the IBT-AE Lorenz curve to the IBT Lorenz curve is due to the existence of this direct
subsidy/taxation on the part of the service operator when the IBT (considered by the user) is not
financially balanced. At the same time, and in all cases, this effect (which must be taken into
account for reasoning all other things being equal) is expected to be weak since, given the "water
pays for water" principle, the IBT which is evaluated/tested by the user must be financially
balanced (at the very least, close to financial equilibrium), with a profit (operating result) equal
to (close to) 0. Last, this decomposition of the variation in the Gini index is also implemented with
the concentration curve of household income, net of subscriptions, in relation to the standard of
living of households and the calculation of the corresponding concentration coefficients.

lllustration numérique Voir Table 33, page 126, for a numerical illustration (with values of the
Schutz coefficient also shown). The figure of —0.3 (last figure of the second row) corresponds to
the final variation i,g; —i;gse Of the Giniindex which is then decomposed into the sum of its three
components: Incentive Effect; Cross-subsidy System; Direct Support/Taxation. Finally, this
decomposition is also displayed with the concentration curve of household income, net of the
access fee, in relation to the standard of living of households and the calculation of the
corresponding concentration coefficients3. On this particular point, see Table 34.

3% Another possible approach is to think in terms of the population of Individuals and in terms of per capita income
(or standard of living). On this point, see Dahan & Nisan [2013]. In this version of the tool, this processing is left up
to the user (who still has the option of exporting his data for further processing).
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TBSE Income TBSE-IBT Income | IBT-AE income -IBT Income
Gini 494 49.3 49.1 49.1
Delta -0.1 -0.2 0.0 -0.3
Schutz 36.3 36.2 36.1 36.1

Table 33 : Change in Gini index (from TBSE to IBT)

TBSE Income TBSE-IBT Income | IBT-AE Income -IBT Income
Quasi-Gini 47.3 47.2 47.1 47.1
Delta -0.1 -0.1 0.0 -0.2

Table 34 : change in quasi- Gini index (from to IBT)

9.3 Decompositions

The tool completes this equity analysis with:

(i) factor decomposition (decomposition of Rao [1969], decomposition of Pyatt, Chen & Fei
[1980]) of the variation of Gini index (of household income net of water bill payment) to assess
the impact of gross subsidies, gross contributions to service funding, Incentive effect (cf. eq.
(9.18)) and direct support (cf. eq (9.30)) that are generated by the IBT which is tested / evaluated
by the user,

and next:
(i) with group decomposition following the methodology of Dagum [1997].

In addition to identifying the sources (Inter / Intra / Transvariation) of variation in the Gini index,
the decomposition by groups makes it possible, from a Political Economy perspective, to assess
the impact of the IBT on the potential polarisation of incomes (with inter-group heterogeneity
increasing and intra-group homogeneity increasing).

With additional processing, decomposition by factors (see appendix 7 for a presentation of the
methodology) enables to identify the impact of taxation (VAT and environmental charges) and,
also, the impact of 'good' and 'bad' subsidies (on basic service and non-basic consumption) and
of 'good' and 'bad' 'taxes' (on non-basic consumption and basic service) on household income
inequality (and equity, in the sense defined above).

Finally, the tool displays the decomposition by groups and factors (following the methodology of
Mussard [2006]) to assess the heterogeneity of the factor impacts by distinguishing two
populations: poor households families and non-poor households.
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— EVALUATION - ECONOMIC EFFICIENCY

10.1 Foundations
10.1.1 Pareto optimality and aggregate (social) surplus

A) Pareto Criterion The concept of economic efficiency refers to the ability of a system (market
economy, centralised management ...) to use resources (natural resources, financial resources
(capital), human resources (labour factor)) efficiently in view of a minimal criterion known as
Pareto optimality. Initially, this criterion simply states that a state of the economy is Pareto
optimal if it is not possible to improve the situation of one agent (in this case a household)
without at least worsening that of another agent (in this case another household). In the opposite
case, i.e. if itis possible to do better for one agent (household) without doing worse for the others,
there are possibilities of improving the general situation of the community (i.e. Pareto
improvements are possible) and the state of the economy (under consideration) is then referred
as sub-optimal (in the Pareto sense). This point is illustrated in Figure 22, page 128, for a simple
case in which only 2 household stand in the economy (which makes it possible to draw a graph).
On the x-axis is the level of well-being (utility index) of household 1 and, on the y-axis, that of
household 2. The set represented here is a Utility Possibility Set (UPS). It is constructed by
calculating, for each possible allocation of the economy?’, the utilities of agents 1 and 2, which
are indicators of the well-being /of the situation of the agents in each of the states. It is then
understood that,

- if the way the system works puts the community at a point such as A= (U,*,U}") =(0.3,6),
the underlying situation/allocation considered is not Pareto optimal, because it is possible to
improve the situation of one agent, agent 1 or agent 2, without worsening the situation of the
other.

Conversely,

« if the way the economy works puts the community at a point located on the upper decreasing
frontier of the UPS, such as the point B =(U,°,U?) =(0.5,7.5) for instance, the system can be

described as efficient in the sense that it makes the most of the possibilities offered in terms
of producing collective Welfare.

A feature of the point B=(U,U;) =(0.5,7.5) is that it is not possible to improve the situation

of one agent without worsening that of the other. This property makes it possible to qualify point
B and the allocation that generates this point B as a Pareto optimum, by construction, and this
conclusion holds for all points located on the decreasing upper frontier of the UPS. The set of
allocations that generate these Pareto-optimal pairs of utilities are then called social optima
because they are socially efficient / located on the upper frontier of the UPS.

40 An allocation is a list (vector) that specifies an allocation of the resources available to an economy for the
production of goods and services and a distribution of these productions, for consumption purposes, between the
different agents (in this case household) in the economy. Given the employment-resource constraints, there are a
multitude of possible allocations (potentially an infinite number) and each allocation has an impact, through
consumption profiles, on the situations (utilities) of household.

Analysing the socio-economic performance of Water Pricing Policy




‘
INN WATER

Figure 22 : Pareto Efficiency / Pareto Improvement

Figure 22-A Pareto Efficiency

U2 10 \S\E

Figure 22-B: Pareto Improvement
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As apparent, the Pareto optimality criterion is a minimum efficiency criterion, making it possible
to assess the ability of an economic system to use and allocate resources and the production of
goods and services satisfactorily with regard to the interests (utilities) of consumers, in this case
the households. On the other hand, this same Pareto optimality criterion does not concern itself
with redistributive aspects, that affect the sharing of the production of goods and services
between the various agents in the economy. In particular: (i) a situation in which one agent has
everything and the others nothing can constitute an optimum in the Pareto sense; (ii) a Pareto
dominated situation may be not dominated, in the Pareto sense, by a Pareto optimal situation.
For instance, points C=(0.2,9.6) and D =(0.8,3.6) in Figure 22B are Pareto optima, but they
do not dominate in the Pareto sense point B =(0.5,7.5) which is dominated in the Pareto sense.
More generally, the question of the distribution of wealth (that is produced by economic activity)
is (of course) an important issue, for which there are tools that can be used to assess whether it
is more or less equitable (such as the theory of fair allocations, for example), but which is not
dealt with by using the concept of Pareto optimality.

B) Aggregate surplus (“the quasi-linear framework”) This analytical framework can be extended
substantially when one is interested in the organisation of the production of a good for which
the demand functions of the agents do not depend (or only slightly) on income (in the sense that
the income effects of a variation in price are weak, which is empirically the case for household
water demand functions). Accompanied by a system of adequate transfers (described below), it
is shown?! that a Pareto optimal (or socially efficient) allocation is determined by maximising the
criterion:

I(0, 00,0y ) = U () +U, (0, ) +...+u, (a,)-C (0, +0, +...+0,) (10.1)
with :
o U (ql), u, (qz), e U (qn) are some functions known as "gross surplus functions" which give

the monetary value for agent i of a consumption (in this case) of water equal to ¢;,i=1,...,n ;

. C (q1 +0,+...+ qn) is the production cost of the service level Q =0, +0, +...+0, .

This criterion (which should therefore be maximised for the implementation of a socially efficient
/ Pareto optimal use of the resource) is called the aggregate surplus (or social surplus) and has a
clear interpretation. Basically, it measures the difference between :

« what the community of the n agents (in this case, household) are willing to pay to consume
(collectively) the consumption profile (ql,qz,...,qn)

and :
» how much it costs to provide a service level Q=0,+0,+...+0, to meet this consumption
profile (ql,qz,...,qn).

In this way, the aggregate surplus is akin to a kind of social profit.

41 See for instance Mas Colell et al [1995].
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The aggregate surplus approach is therefore the basis for cost-benefit analysys and is prima facie

a reference framework for public action. Figure 23, page 131, give the main features of this
evaluation framework (in the case of N =2 households, to illustrate).

The first element is that, when demand functions do not depend (or only slightly) on income, the
utility functions of agents U,(d;,d,) (defined on water consumption and the composite good
“Other goods”, as in section 5.1) admit (or can be approximated by) so-called quasi-linear forms:

U;(0;,9,) =u,(q;) +dy =u(g) +R =T, (10.2)
with @; the water consumption of household i, R its income, T, the amount of a (lump-sum) tax

levied by Public Authorities to finance the EP / EPA service and ,, =R, =T, the consumption

(calculated by balance) of the other goods (“composite good”) of household i. The function U, (")

designates the gross surplus function of household i (cf. equation (10.1) and the definition of
aggregate surplus). The point is then that these indicators of Household Well-Being (utility) are
linear in euros and, as a result, any monetary transfer between agents is equivalent to a transfer
of Well-Being (utility) of the same amount. Within this framework, the problem of the public
decision-maker (planner) can be presented as follows.

(1) Going back to the construction of the UPS, the implementation of allocation A:
A=(af.02,05.05%.x,.Q" ) =(af a2 R —-TA R, -TA T  +T 0 +07) (10.3)
still produces a pair of utilities (U*,UZ") but with:

UM =u (@) +an =u () +R -T" (10.4)
U2 =u,(a7) + 0z =u,(0) +R, - T, (10.5)

where T and T, designate the amounts of financial resources of agents 1 and 2 that are
allocated to fund the service level Q, =q +q; .

With a cost function of the form C(Q) =CF +cQ (corresponding to the one implemented in the
tool), the sum of these financial contributions set to:

T1A +T2A =C,=C(Q,)=CF +C(Qf +q;) (10.6)

with C, =C(Q,) the production cost linked to the service level Q, = qlA +q§. The point is that
any increase in the financial contribution of agent 1, T,, reduces the financial contribution of
agent, T,, by the same amount and vice versa (for a given level of service Q, = qlA +qu and a

fixed consumption plan (., ds") ). In so doing,
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Figure 23 :

Figure 23-A: Transferable utilities in money for a given A allocation (and (Ul,Uz) = (UiA ,UZA ) )

U2 5T

ul

Figure 23-B: Transferable utilities in money with variable allocations A, B, C ... and Pareto Optima
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(2) By varying the distribution (T,,T,) of the funding T, +T, =CF +c(q* +q2') relating to the

consumption plan (q,q;') (and the related service level Q, =@, +q, ), any point (U,,U,)
situated on the straight line segment passing through the point A = (U}*,U}') and with slope -1

is a feasible pair of utilities (U,,U,) . Formally:
U, =U,(07) +R, T, =,(a7) +R, —[ CF +c(of + ) - T, |

=u,(0)+ R, —| CF +c(af + ) —(uy(a)) + R ~U, )

(10.7)
=R, +R, +U,(6f") +U,(a7) =[ CF +c(a* + ) |-V,
=cy’ U,
with :
ca’ =R +R, +u, () +U,(a) - CF +c(af* +f) | (10.8)

the y-intercept of the line passing through the point A = U/ ,U}'), with slope —1, which is
effectively a constant for the considered allocation A (see equation (10.3)). On these various
elements, see Figure 23-A.

Then, the point is that this property applies to all possible feasible allocations:
B = (qlB’qf’qgl’ q?Z’ XB’QB) = (q1Ba qg’! R1 _TlB! Rz _TzBaTlB +TgB|qlB +q§) (109)

C=(a,05,05.05, %, Q%) =(af, a5, R, ~T,°, R, —T,7, TS + 7,7, af +a5 ) (10.10)

with associated constants given by:

Co’ =R +R,+u, (a7 )+u, (qf)—[CF +c(af +a5 )J (10.11)
& =R, +R,+u,(a ) +u, (qf)—[CF +c(af +a5 )J (10.12)

... (see Figure 23-B). In this context, it is understood that:

(4) Determining the Pareto optimal allocation, taking into account the transfers generated by the
distribution (T;,T,) of the funding T,+T, =C(q,+0,), requires to select the pair (q,,d,) for
which the constant:

¢ =R, +R, +uy(ay) +u,(0,) -[CF +c(q, +0,)] (10.13)
is maximum, so the pair (0,,0,) for which the aggregate surplus:

r(Ql’ qz) = ul(ql) + uz(qz) _[CF + C(q1 + qz)] (10.14)

is maximum.
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Last and noting (qfq;) this consumption profile in which the aggregate surplus / the constant

(10.13) takes its maximum value (we return to the characterisation of this consumption profile
later):

(5) There are an infinite number of Pareto optima, all of which are allocations:

P=(q,0 R -T\R, ~T, T, +T,,q; +;) (10.15)

for which T, +T, =C(qf+q;) with:

(6) the upper boundary of the UPS that consists of all pairs (U;,U,) for which:
U, =R +R,+T(q,0;)-Y, (10.16)

(represented by the red line in Figure 23-B).

In this context:

(7) the service level Q =0, +0, is well defined, with Q" =q, +0,
and:

(8) the setting of the contributions (T;,T,) to fund the service cost C(Q*)=CF +c(qf+q;)

leads to the selection of a specific point on the upper boundary of the UPS.

C) Measuring social inefficiency This approach also makes it possible to measure the potential
inefficiency of a system in a simple way. Thus, an organisation that produces, through the

allocation A that it puts in place, a pair of utilities (UlA,Uf) for which the aggregate surplus:

T(af65) = uy(67) +U,(a7) - C(a* +a7) =y (af") +U,(af) —[ CF +c(a* +a) |
is not maximal leads to a loss of social efficiency that can be measured by:

AT = maxT'(¢,,0,) ~T(af’, 67) =" ~I'(", ) (10.17)

with F*=F(q:,q;) the maximum value of the aggregate surplus. Geometrically, this loss
corresponds simply to the vertical distance separating point (UlA,Uf) from the upper boundary
of the UPS generated by the level of production Q and the related distribution

(9,,9,,Q)=(0,,q,,0, +d,) that maximises the aggregate surplus F=F(q1,q2) . Figure 24
illustrates this property.
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Figure 24 : Measuring Paretian inefficiency - loss of aggregate (social) surplus

One will conclude by emphasising that the aggregate surplus/quasi-linear framework is a
veritable paradigm for the conception of public action (the image of the production and
distribution of a cake is often used in this respect). Initially, it leads to consider the existence of
two departments with:

e an Economic Efficiency department which focusses on deploying the necessary incentive
mechanisms to ensure that the system implements an allocation maximizing the aggregate
surplus, i.e. focus on maximising the size of the 'cake’;

» a Distribution department which, on the basis of this optimal policy, would implement a
socially optimal transfer policy (T;,T,,...,T,), i.e. would decide how to divide up this
'maximume-sized cake'.

It should therefore be borne in mind that any public policy approach based on a Cost-Benefit
analysis of the Aggregate Surplus type is part of this organisation of public action and, therefore,
assumes that the appropriate compensatory mechanisms, through the transfer policy, can be
implemented. In particular, it is quite possible that, starting from a socially inefficient situation,
the implementation of the Pareto Optimum be spontaneously accompanied by a loss for an agent
(under the "non-satiation" hypothesis, it suffices that agent's consumption in the initial situation
be greater than the one specified by the Pareto Optimal allocation for this to happen). The point
is that the possibility of transfers makes it possible to compensate the agent for this loss, and this
aspect of the system, which consists of "paying to reform", is essential for securing the Paretian
improvements that are generated by the implementation of the Pareto optimum. However,
public policy regulations mean that such compensatory transfers are not always possible and,
when this is the case, one may want to stick with a Pareto-dominated allocation, so as not to
penalise an agent or category of agents who, in the absence of an adequate compensatory
mechanism, would ultimately lose out on the implementation of a Pareto optimum.
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Despite its limitations, the maximisation of the aggregate surplus nevertheless constitutes a
reference hypothesis for the analysis of public action and the objective function that can be
attributed to a public company (in the same way that the maximisation of profit constitutes a
reference hypothesis for the objective function of a private company). It is for this reason that
this Paretian efficiency item is used to assess the (multi-dimensional) performance of the water
and wastewater pricing policy.

10.1.2 First-best allocation

10.1.2.1 Characterisation of the First-Best Allocation

Determining the social optimum, understood as maximising aggregate surplus, poses no
particular problem. Given the assumptions about the cost function, the latter is realised as an

allocation (d;,0,,...,d,) in which:

U (q,) =uy(a,) =...=uy(q,) =c (10.18)

with:

o U/(Q) the derivative of the gross surplus function of agent i with respect to its consumption
Gi,

o ¢ the unit variable cost / marginal cost of production (assumed to be constant).

The variable U/(Q;) is then given a precise interpretation: it measures the marginal willingness

to pay for water of agent j, that is:

« the amount he is prepared (willing) to pay to increase his water consumption by one unit,
starting from the consumption level (.

This marginal willingness U/(Q;) is then assumed to fall with the level of consumption  of agent
i, i.e. the more agent i consumes, the less he is prepared to pay to increase his consumption by
one unit. Solving for Q, 0, ..., 0, the condition (10.18) gives the so-called first-order allocation:

q =(q......q;) (10.19)
with a service level ('first best' or Pareto optimal) which sets to:
n
Q' =>g (10.20)
i=1

The social optimum is thus characterised by the equality of households' marginal willingness to
pay for water (a condition that will not be meet with the application of IBT, what will be a source
of inefficiency). See the box on the next page for an illustration in a simple case.
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Box - the linear case Figure 25 illustrates the determination of the first-best optimum in a simple
case of N =2 households with linear marginal willingness-to-pay of the form:

ui,(qi ) =a; - fq,
where «,, a, >, and f are preference parameters (and gross surplus functions of the form

U;(0;) =0, -4 ¢’). Pareto-optimal consumption is then given by:

] * _C
Ul(ql):al_ﬂchzc < Q :alﬂ
’ * _C
uz(qz):az_ﬁ%zc = QZ:%IB

and the socially efficient level of service by:
a—-C oa,—C

1 + 2

B B

The same procedure is then used in the case of n agents with gross surplus functions U.(0.) that

Q =0 +0, =

are usually assumed to be increasing (ui’(qi ) >0) and concave (ui”(qi ) <0).

ui_(q) 157

107

Ke)

Figure 25 : Determining the first-best optimum

End Box
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10.1.2.2 Decentralisation of the First-Best Allocation

The first-order allocation (g, 0,,...,q;) defined by the condition (10.18) can be implemented in
a decentralised way by pricing at marginal cost, i.e. by applying :

e linear pricing in which 7 =c
or:

 two-part tariff of parameters (F,7) = (%-,C), that is the “TBSE” scheme.

Indeed, with quasi-linear preferences, determination of the household's optimum consumption
(its demand function more generally) is done simply by equating its marginal willingness to pay

for water (which is assumed to depend little or not on its income), U/(Q;), to the marginal cost of

its consumption T'(Q;) which has the particularity to be flat (constant) under these two pricing

schemes®. It should also be noted that, in the context of an analysis of aggregate surplus (that
is, with the “quasi-linear preferences” framework), the choice of the pricing system (marginal
cost pricing vs TBSE) is of little importance in terms of efficiency. In particular, marginal cost
pricing 7 =C generates an operating deficit AIl =—CF which is then ipso facto financed by

adjusting, in one way or another, the vector of the financial contributions (T, T,,...,T,) that are

levied to fund the level of service Q" through, in particular, the organisation of the tax system

(on income). In practice, the mobilisation of public funds (to fund an operating deficit) is tainted
by an organisational cost which, when explicitly considered, leads to the choice of the TBSE
scheme (and the principle "water pays for water").

10.1.2.3 Taking environmental costs into account

In presence of pollution, marginal cost pricing must be understood in the full sense of the term,
i.e. including the environmental cost C, (and the principle "water must be returned clean to

nature"). Figure 26, page 138, illustrates this point by assuming, for sake of simplicity, that the
marginal willingness to pay for water of the agent is linear (see the box "The linear case", page
136). At the origin, the first-best optimum consists of the point:

Pz(qi*’CEP"'Ce):[W’CEP*‘CeJ (10.21)

(P for Pareto) in which an agent's marginal willingness to pay for water, U/(q,) =, — 30, is
equal to the marginal social cost C., +C,. The contribution to the aggregate surplus " of useri,

7., is then calculated using the integral:

7i* =U; (qu*) - (CEP + Ce)qi* = qu: ui,(t)dt - (CEP + Ce)qi* = qui* [ui’(t) - (CEP + Ce)]dt (10.22)

42 This principle, according to which the agent determines his consumption by equalising his marginal willingness to
pay for water with the unit price of consumption, does not necessarily hold with an IBT (and the case of corner
solutions ¢ =k; ; see below).
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Figure 26 : Contribution to household i's aggregate surplus - first-best optimum43

u_i_(q) 157

07T

5

Figure 27 : Aggregate surplus loss on EPA consumption of household i44

u_i_(q) 157

07

5

Figure 28 : Loss of aggregate surplus on EP consumption for a user i

43 With full cost recovery.
44 With incomplete cost recovery.
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This area is represented by the area of triangle ABP, shown in green in Figure 26. Then, when
cost recovery is incomplete, a subscriber to the drinking water and wastewater service is billed
in the TBSE-EPA at a unit price of:

Trgse-epa = Cep T Igp 7Cx + 1) <Cgp +C, (10.23)
The result is a higher level of consumption compared with the full-cost TBSE:

qiTBSE-EPA _G _(CEP +lgp 0o+ rA) >q = & _(CEP +Ce) (10.24)
B B

(see the transition from point P to point E in Figure 27) and a loss of aggregate surplus which is
calculated at the individual level as:

TBSE-EPA _ _ TBSE-EPA  _*
Ay; =7i -

Vi

= IOQFBSE-EPA [u'(t) - (Cep +C.) Jdt - qur [u'(t) - (cep +c.) Jdt (10.25)

TBSE-EPA

:Iq? I:ul(t)_(CEP_'_Ce):Idt

This (oriented) area is represented by the area of the PEC triangle (drawn in blue) in Figure 27
and reflects an inefficiency linked to the fact that the consumption of user i is too high compared
with the first-order optimum.

Considering the modelling of the environmental cost, the loss for a user connected to the drinking
water service only is calculated in a similar way, but with the consumption of household i being
(all other things being equal) greater:

TBSE-EP _ G, _(CEP + rEP) S TBSEEPA _ Q; _(CEP +rgp +C + rA) « _(CEP +Ce)

a : >0 =——7—"° (10.26)
B p p
The result is a loss of aggregate surplus, calculated at the individual level, which is greater:
A}/iTBSE-EP — 7iTBSE-EP _ 7I*
qi'I'BSE-EP , q:‘ ,
= jo [u'(t) - (cep +c,)Jdt — jo [u'(t) - (cep +C.) ot (10.27)

TBSE-EP

- jq“ [u'(t) — (ce +C.) ot

some of which is due to the fact that the user is not connected to the sewerage system (with
discharges that are considered to be untreated or very poorly treated, as discussed in paragraph
3.3.3.2) On these two properties, see Figure 28 on previous page.

The tool then calculates these surplus losses, linked to the incomplete nature of cost recovery,
for (i) each of the households in the Subscriber File (Population module) and (ii) at the global /
community level with the aggregate surplus loss:

n Ny
AFTBSE — Z A}/iTBSE-EPA + Z A]/iTBSE-EP (1028)
i=1 i=1

with N, is the number of households connected to the collective sewerage network and

n, =n-n, is the number of households that are not. However, this calculation is based on an
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approximation of household water demand functions, which is described in more detail in the
following paragraph. At this stage, it should be emphasised (1) that the result obtained is a
monetary sum and (2) that this statistic basically measures the vertical distance between the
tuple of monetary utilities (U,,U,,...,U,) generated by the allocation thus implemented and the
upper frontier of the UPS associated with the implementation of the first-best optimum
(qf,q;,...,q:), as illustrated in Figure 24 : Measuring Paretian inefficiency - loss of aggregate

(social) surplus, page 134.
10.1.3 Implementation

The quasi-linear framework / the application of this criterion that constitutes aggregate surplus
I'(q,,0,,...,0,) requires stricto sensu that the demand functions of the agents do not depend

on income. The use of this analytical framework (to assess the welfare effectiveness of pricing
policy) must therefore be seen here as an approximation, which will be all the better if the income
effects of a price variation are low, what is empirically the case for household water demand
functions.

Following (notably) Porcher [2014] and Nauges & Whittington [2017], the procedure that is
implemented for the calculation of surpluses consists in approximating the water demand
function of a household i by considering that the amount of the subscription F and the values of
Nordin's D are small compared to the value of its quarterly income® . When the tariff is properly
perceived (polar case k = 1), the (conditional) water demand functions given by the relation
(5.8) on page 59 can then be approximated by*® :

Ing’ UIng,,+0.25InR -0.31In 7, & ¢ [ A (10.29)
T

0.31

j
with A =@, xR"® a (numerical) constant specific to each household in the subscriber file and
7; the price of block j (this approximation also applies to two-part tariffs). In this framework,

household i's marginal willingness to pay for water is written as:
Ui(gp) = A% x Q% = g x REs > g ™ (10.30)

(iso-elastic form) with a marginal willingness to pay that is then all the greater (1) the larger the
captive portion of consumption q,; and (2) the higher the household income R;, i.e. compared
with low incomes, high incomes are prepared to pay more to increase their consumption by one
unit, all other things being equal. The social first-best optimum consumption of household i is
then given by:

4> The errors made in measuring the "virtual" income of block j (i.e. corrected for the amount of the subscription fee
and the value of Nordin’s D for block j) are actually quite small. For instance, for the EP tariff of the city of Saint Paul
and a household in which only one adult works for a full-time job at the minimum wage, they are set as a percentage
of the true value at 0.2%, -0.8%, -2.2% and -2.7% depending on the consumption block (1, 2, 3 and 4). Now, if both
adults work for a full time at the minimum wage, these errors set to 0.09%, -0.4%, -1.1% and -1.4% of the true value.
46 This function is adjusted for the values of price elasticity (here -0.31) and income elasticity (here 0.25) that are
entered by the user.
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’ * A 0.25 -0.31
u(g)=c cCeold =——=0.. xR C C 10.31
|(q|) EP + e ql (CEP + Ce)o_gl qu x i X( EP + e) ( )

and, neglecting at this stage VAT and environmental duties (that will be introduced later), the
consumption implemented by the “EPA” TBSE is given by:

q_TBSE—EPA _ A
I (Cp +Ca +Tgp +14

7 = Oy <R (Cep G g 1) (10.32)
(the result is obtained from solving the equation U/(Q,) = Cg, + Iy +C, + 1, ) and the consumption
implemented by “EP” TBSE is given by:

TBSE-EP __ A

L I R S (1033)
Ep T lEP

(this result is obtained from solving the equation U;(Q;) =Cg + I ). Applying the formulae

(10.25), (10.27) and (10.28) given on page 139, enables to compute the (estimated) aggregate
surplus losses at the household level. The latter are then supplemented by the calculation of per

capita losses: Ay, I N, and AI'/ N . On the basis of the series thus generated (and included in the

Invoices module), the tool provides basic statistics (including mean, median, standard deviation,
MAPE, Gini index) enabling to assess the distribution of these (first) inefficiencies in terms of
consumption (deviations from first-best optimal social values) and (contributions to) aggregate
surplus.

Note - Technical point It should be noted that the calculation of the contribution to the aggregate
surplus of household i whose consumption is equal to ;;

Vi (qi ) = J.Oqi (U.’(t) —c)dt = qui u;/ (t)ydt —cq, = u;(q;) —u;(0) —cq; (10.34)

with U, () the gross surplus / the valuation by agent i of a level of consumption set to (; is not
(here) well defined since the integral:

o, [ b _31><A% .1 ®
jo ui(t)dt_joA toudt = 5 x(llm ——q J (10.35)

q—0* qﬁ

is divergent / takes a value equal to +oo (this point also applies to the social first-best
consumptionQ; = qi* ). Nevertheless, this property is not without meaning since it implies that the

agent is spontaneously prepared to pay an infinite sum, therefore his entire fortune, to consume
water in quantity q; compared to a situation where he would have none. At the same time, it
does not preclude the calculation of variations in surplus, in this case variations of the individual
contribution to aggregate surplus, which are finite. This property also applies to the calculation
of variations in consumer surplus (introduced below).
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10.2 IBT assessment

Knowing the first-best allocation, the tool calculates the variations in consumptions (compared
to first-best optimum level) and in aggregate surplus that are linked to the implementation of
the IBT (which is evaluated/tested by the user) in relation to an "effective" TBSE, in terms of the
environmental cost recovery information provided by the user.

These calculations (which are initially carried out at household level) can lead to counter-intuitive
results, but these are clearly justified. In order to gain a clear understanding of the mechanisms
that are at work, one will illustrate the nature of these properties by considering a simple case in

which the user would use an IBT2 for which 7, <C <7, (with subsidy in block 1 and taxation in
block 2) and initially disregarding the environmental cost. For the purposes of the analysis, one
will also distinguish between two cases depending on whether the tariff is well perceived (k = 1)
or poorly perceived (k < 1).

This assessment of economic efficiency of an IBT concludes with the calculation of (variations in)
consumer surplus (which differ from variations in the contribution to the aggregate surplus Ay; ).

These latter indicators measure the gains and losses in utility (“well-being”), achieved / borne by
household, measured in euros and that are generated by the change in pricing policy (compared
to the one that should be implemented to achieve the first-best social optimum; see above). This
information makes it possible to identify winners and losers, within the population of households,
when moving from a TBSE water pricing system to an IBT water pricing system.

10.2.1 Analysis -the case k = 1

This section sets out the calculation of aggregate surplus losses in the reference case where the
tariff (as a reminder, an IBT2 with 77; <C <7, ) is well perceived. Technically, three cases have to
be distinguished depending on whether the household consumption takes place within the block
1(g°™™ <k, ), within the block 2 (¢®™* >k, ) or at the block 1 threshold (¢*"™* =k, ).

The case q°™""

<k, Figure 29 shows the case of a small consumer, defined as a household whose
consumption at the social first-best optimum is less than k; (the tariff threshold for the IBT2

(F, 7z, 7,,k)), with therefore:
Ing; 0 InA -0.31lInc=Ing,+0.25InR, -0.31Inc <Ink,
< InR <4x(Ink,+0.31Inc-Ing,)

Compared with the TBSE, the implementation of the IBT puts in place a subsidy for the
consumption of these small consumers at the rate 0, =C— 7, what leads them (quite naturally)

to increase their consumption (cf. the shift from point P to point E in Figure 29-A). From a
quantitative point of view, the impact is given by:

Ing®™™ —Ing™* 0 (InA -0.31In7z,)-(In A -0.31Inc)=0.31x(Inc-In ) (10.36)
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(this last expression gives an approximation of the variation, in %, of the consumption of this
agent). This increase in consumption results in a loss of aggregate surplus (in fact, of household
i's contribution to the aggregate surplus), which is calculated as:

! IBT-PP

quT—PP , qi ﬁ _ﬁ
AV o =Lr [u'(t)—c]dt =qu (A' Xt —c)dt (10.37)
what is represented geometrically by the area of the curvilinear triangle (drawn in green) in
Figure 29-B. It should be kept in mind that these efficiency losses took place in the segment of
the small consumers, with household consumptions that are too high, compared with their first-
best values.

v 47 v 47

' ' ' | ' ' ' |
0 25 50 75 100 0 25 50 75 100

A: determining the optimum for a "small" consumer B: Loss of aggregate surplus

Figure 29 : The case of a small consumer

IBT-PP

The case q >k, Figure 30 (on next page) shows the impact of IBT2 on the situation of a

"large" consumer, defined as an agent whose IBT2 consumption locates in block 2, i.e. for whom:

Ing®™ 0 InA-0.31lInz, =Ing,+0.25InR,—0.31In 7, > Ink

< InR >4x(Ink, +0.31In7,-Ing,)=InR;,

The point is that, given the need to finance the cross-subsidy system, a "tax" 7, =7, —C is levied
on the consumption of block 2 of this agent who then reduces his consumption, compared to the
two-part tariff in which 7 =c (cf. the passage from point P, to point E, on Figure 30-A) with a
variation in % in consumption of the order of:

Ing®™ —Ing™* 0 -0.31x(Inz, - Inc) (10.38)

The result is also a fall in aggregate surplus, materialised by the area of the curvilinear triangle
(plotted in green) in Figure 30-B, which is quantified by applying the same formula as that given
for the case G'°™™" <k, (cf. the equation (10.37) on page 143). Unlike the previous case, this loss

of is the result of consumption which is now too low compared with its first-best social value.
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A: determining the optimum for a "large" consumer B: Loss of aggregate surplus

Figure 30 : Loss of aggregate surplus - the case of a "large" consumer

IBT-PP

The case q =k, Figure 31 and Figure 32 (on the next page) show the case of the corner

solution qGI =k, that applies to agents whose level of income verifies:
4x(Ink,+0.31Inc—Ingy)<InR <InR;, =4x(Ink, +0.31In 7, -Inq,,)
In this configuration, the variation in consumption compared with the first-best optimum sets to:

Ing™ —Ing"™* U Ink, —(In A =0.31xInc)=Ink, +0.31Inc-Ing,, -0.25In R (10.39)

with an impact that can be positive (see Figure 31-A) or negative (see Figure 32-A). In all cases,
there is a loss of aggregate surplus (measured by the area of the curvilinear triangles drawn in
green in Figure 31-B and Figure 32-B), which is calculated by applying (once again) the formula
(10.37).

To sum up, except for the group of households whose characteristics (qu, Ri) are such that:
Ing, =InA -0.31lInc=Ing,+0.25InR, - 0.31Inc = Ink,

the implementation of the IBT generates losses for the aggregated surplus which are partly linked
to consumption that is too high, and partly to consumption that is too low compared with the
first-best social values. The tool then sums up all these losses calculated at the household level
to calculate the aggregate surplus loss at the aggregate level. For these purposes, it is
nevertheless distinguished between 2 categories of users, depending on whether or not the
household is connected to the sewerage network, and is also displayed an intermediate step
linked to the implementation of an effective TBSE in which households actually connected to the
sewerage network face a TBSE-EPA tariff and those who are not face a TBSE-EP tariff.

See Crampes & Lozachneur [2014], Mayol A. & Porcher S. [2019] and Paul [2023] for
complementary analyses (with, in particular, the endogenization of the price of block 2 and the
characterisation of the conditions of financial sustainability of the tariff mechanism) relating to
this issue of economic (social) inefficiency, understood in the sense of the aggregate surplus, and
therefore of the Pareto Optimality of the IBT scheme (when compensatory monetary transfers
are possible at the same time).
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A: determination of the optimum B : Loss of aggregate surplus

Figure 31 : Loss of aggregate surplus — corner solution |

u@ld) 4T u@ld) 4T

A: determination of the optimum B : Loss of aggregate surplus

Figure 32 : Loss of aggregate surplus — corner solution ||

10.2.2 Analysis -thecase k < 1

Once these initial elements have been identified, the model adds (to the calculation of household
contributions to the aggregate surplus) the over-consumption linked to the poor perception of
the tariff, which is measured in the Incentive Effect field of the Evaluation module (it should be
noted that, for sake of consistency, the tool does not recalculate this over-consumption on the
basis of the approximate demand function (10.29) given on page 140). An important point is that,
while this over-consumption is privately costly for agents (see below), its effect on aggregate
surplus is complex and can help to reduce the loss of economic efficiency, or even improve
Economic Welfare (Paul [2023]) compared to a non full cost recovery TBSE system. This property
is consistent with several results highlighted in Tax Economics (see notably Rees-Jones &
Taubinsky [2020]).
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The Figure 33, page 147, show the point in the case of the IBT2 considered in the previous
paragraph with an agent who would reason in terms of average price (the perception parameter
K is then equal to 0). Once remember that the model estimated by BCP does not generate
overconsumption for agents located in block 1 (because the average price is calculated excluding
subscriptions; see above), it is shown that the poor perception of the tariff for households located
in block 2 reduces the negative impact of IBT2 on their contributions to the aggregate surplus
(the losses correspond to the areas of the green curvilinear triangles), even when the addition of
overconsumption would result in the consumption of household i ultimately being higher than
its first-best social value (as represented in Figure 33-A, which shows the long-term equilibrium
of the dynamic model mentioned in paragraph 5.3 (see point (1)). In other words, a poor
perception of the tariff is not necessarily adverse from the point of view of aggregate surplus.

The tool then provides information on the nature of this impact, distinguishing between 2 cases,
depending on whether the tariff is properly perceived (k = 1) or not (for the value of k = k,
entered by the user), with a breakdown of the impact by consumption block. The addition of
overconsumptions (i) has a negative impact on the aggregate surplus in the subsidised blocks
from block 2 onwards (or also by leading some households that are initially located in block 1,
when k = 1, to move up an higher block with k < 1) and (ii) tends to reduce the negative impact
of the IBT in the consumption blocks that are taxed/subject to contributions to service funding.

Taking into account the environmental cost These elements of analysis presented in the case
k = 1 continue to apply when cost recovery is complete, with 100% of the subscribers connected

to the (collective) sewerage network and a marginal cost of consumption given by C=C, +C,.

When these conditions are not met, the point is that the implementation of an Increasing Block
Tariff may result in a smaller loss of aggregate surplus, compared to a TBSE of parameters

Cep +Iep +C, +1, <Cgp +C, / When cost recovery is incomplete. This occurs when aggregate IBT

consumption decreases (but not too much) compared with aggregate TBSE consumption, with
the falls in consumption by large consumers that outweigh the increases in consumption by small
consumers (see above). This effect is potentially interesting for the short-term reduction of
pollution that cannot be cleaned up / for which the clean-up technology would be too costly in
relation to the expected social benefits.

10.2.3 Consumer surplus

The tool completes the calculation of impacts on the aggregate surplus with the calculation of
variations in consumer surplus, which are monetary measures of gains and losses in household
well-being (they therefore differ from the values taken by household contributions to the social
surplus). As certain properties may also appear counter-intuitive, some elements of analysis are
provided by distinguishing between 2 main cases depending on whether the perception of the tariff
is perfect (case x =1) or imperfect (case x <1). In addition, and as with the impacts on aggregate
surplus, the tool provides this information by considering "effective" TBSEs, based on the values
entered by the user, as the counterfactual.
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Figure 33 : Aggregate surplus losses with x =0 versus k=1
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A: loss of surplus (aggregated) with « =0
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B: Loss of surplus (aggregate) with x=1
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10.2.3.1 Tariff is properly perceived (x =1)

Initially, calculating the consumer surplus (or net surplus) requires calculating the quantity:
4
v(g) = |, w®)dt-T ()

where (as a reminder) (i) T(g;) is the amount of the bill that agent i has to pay when he consumes
the volume of water @, and (ii) U/(t) is the marginal willingness to pay for water of agent i at the

level of consumption t. When faced with a two-part tariff for which T(q,)=F +70,, the
calculation of this indicator can be reformulated as:

v(g) = [ u'Odt—(F +79) = [ '[u') - 7]dt-F (10.40)

Figure 34 shows what the integral measures in the case of a two-part tariff (F, ) for which cost
recovery would be incomplete, with 7 <C+C, and consumption (; = qid (F,7) greater than the
first-best value qI Initially, for each level of consumption t € [O,qid (F,;r)] , one computes the
difference (vertical distance) between (i) the marginal willingness to pay U/(t) for this level of

consumption @; =t, that is the maximum sum the household i is ready/willing to pay to consume
this t-th unit, and (ii) the sum it actually pays, that is the (marginal) price z. In this framework:

. the difference u’(t)—7r measures (at first approximation) a financial gain made by the agent

on this t-th consumption unit;

. the integral qui (F'ﬂ)[u’(t)—n]dt by summing the gains made on all the units consumed

te [O, qid (F,ﬂ')] measures the financial gain made by the household, excluding the cost of
the subscription, on its drinking water consumption.

Ultimately, the same applies to the net surplus, except that the calculation of the latter takes into
account the amount of the subscription F /the lump sum that the household must pay to access
to the public drinking water and wastewater services. As apparent, this indicator differs from the

household's contribution to the aggregate surplus 7;. Excluding subscription fee, the consumer
surplus for the linear case represented in the set of Figure 34 sets to:

[u(t)dt - g, =%

while the contribution to aggregate surplus sets to:

(@ —(c+c)) (c+c,—7)
T2

when the household, facing a two-part tariff (F,ﬂ'), sets the level of its consumption to
q =7 (F.7)==5").
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Figure 34 : Computing the consumer surplus
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C: calculation of overall gain - the continuous case ("infinitely divisible™)
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For the remainder, a technical difficulty is that this sum, given the properties of the approximated

water demand function (10.29), takes on an infinite value (see the "Technical point" remark on
page 141). This leads to compute some variations in surplus by taking the TBSE as the reference

point, (F ) 7[) = (CTF ) C) , for successively:

. the case of small consumers (located in tranche 1) who are subsidised by the introduction of
the IBT.

At a constant F = CF /n subscription level, the latter will then record a gain for sure compared
to the TBSE, what is measured by the sum of the (oriented) areas A >0 and. A, >0.

u(i) 4 [(CH) R

+ + + d + + + d
0 25 50 75 100 0 25 50 75 100

ai ai

Figure 35 : Variation in consumer surplus (I1BT vs TBSE) - the case of the small consumer (gain)

- the case of large consumers (located in block 2) who are taxed on their block 2 consumption
through the introduction of the IBT.

At a constant F =CF /n subscription level, the impact is indeterminate (generally speaking)
because of the subsidy for block 1 consumption that also benefits this category of household: see

the areas oriented B, >0, B, <0 (curvilinear triangle) and B; <0.

u'(q_i) 6 \ u'(a_i) 6T
51

4 471

o

3 3T

Figure 36 : Variation in consumer surplus (IBT vs TBSE) - the case of the "large" consumer

showing a gain but a loss is also possible.
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. the case of consumers for whom qd =K, (corner solution), who are also subsidised on their
entire consumption.

When the progressive tariff leads them to reduce their consumption, with ¢'*" =k, < q'>*%, the

impact (at a constant F = CF /n subscription level) is also indeterminate (generally speaking)
because of the subsidy of consumption in block 1: ¢f. the areas oriented C, >0 andC, <0 for,
successively, the case shown in Figure 37 and the case shown in Figure 38 (however, the impact

is positive for sure when ¢°" =k, > q/°>*).

vy 4 vy o

w
w

Figure 37 : Variation in consumer surplus (IBT vs TBSE) — corner solution with a gain in fine
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Figure 38 : Variation in consumer surplus (IBT vs TBSE) — corner solution with a loss in fine

Additional information The change in (net) surplus shown in Figure 35, page 150, can be
classically broken down into the sum of two effects:

. the area A reflects the fact that the q'°"

i units that were previously consumed are now

purchased at a lower price (with 7, <C), what improves the household's situation;

and at the same time:

- the reduction in price from which the household benefits (everything goes as if) means that it

TBSE

.. . . IBT e
consumes more, and this increase in consumption g;- —q, >0 generates an additional

private gain corresponding to the area of the curvilinear triangle A, .

Analysing the socio-economic performance of Water Pricing Policy




‘
INN WATER

At the same time, the impact shown in Figure 36 on page 150 that corresponds to the case of a
large consumer is not symmetrical with the previous one because of the non-linear nature of the
pricing. Thus:

. The (marginal) price increase faced by the household (everything goes as if) leads it to reduce

its consumption, from @ >

to ¢'°", what reduces its (monetary) well-being by the amount

given by the area of the curvilinear triangle B, .
At the same time, the units it continues to consume were previously purchased:

. at a lower price for the g'°" —k, units of Block 2, what worsens its situation by an amount
given by the area of the rectangle B, (equal to (7, —¢)(q®" —k,)),

. at a higher price for the K, units of Block 1, what improves its situation by an amount given by
the area of the rectangle B, (equal to (C—7,)k,).

The combination of these 3 factors means that the total effect generated by a switch from a TBSE

to an IBT is effectively, as a general rule, indeterminate for the category of "large" consumers

(Figure 36 show a situation in which the household benefits in fine from a gain but cases in which
the total effect is in fine negative can be derived without additional difficulty).

Finally, in the case of the corner solution g°" =k, with g®" =k, <q'**:

P

. the area of the rectangle C,, precisely equal to (C—7,)K;, reflects a gain linked to the fact
that the K, first units that were previously consumed are now purchased at a lower price,
what improves the household's situation;

but at the same time:

. the calibration of the pricing system has led (here) the agent to reduce his consumption, from
TBSE

Qi

area C,.

>k, to qi'BT =k;, what reduces his (monetary) well-being by the amount given by the

As in the previous case, the combination of these two effects means that the total effect is, in
the end, indeterminate with, in the end, a gain in the case considered in Figure 37 and a loss for
the case considered in Figure 38. &

Once these elements of analysis provided, the tool computes these losses and gains in net
household surplus for each household in the Population file. Moreover:

. the effect of subsidies / "taxation" on the access fee %— F,

. the effect linked to the potential direct taxation/subsidy generated by the potential
positive/negative operating result (see paragraph 9.2 and the IBT-AE)

. the impact of taxation (VAT and excise duties) on water consumption.

are also highlighted. As with variations in the contribution to aggregate surplus, the tool provides
basic descriptive statistics on the distribution of these gains and losses borne privately by
households.
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It should also be kept in mind that these variations in consumer surplus, which measure the
monetary gains and losses (of well-being) made/borne by households, differ from the variations
in their contribution to aggregate surplus. In particular, the introduction of an IBT may well result
in @ monetary gain for a consumer in question and a loss for the aggregate surplus (the social
welfare), as is the case for instance for the "small" consumers located in block 1 following the

introduction of an IBT2 with 7, <C<7,.

10.2.3.2 The impact of overconsumption (x <1)

Unlike their effects on the aggregate surplus which are indeterminate (as far as the "taxed"
consumption blocks are concerned; see above), the introduction of over-consumption, linked to a
poor perception of the tariff, contributes to a definite reduction in the surplus of consumers in
block 2 and above, with an additional loss that is precisely given by the area of a curvilinear
triangle, such as the one drawn in blue in Figure 39-C, page 154.

One will note that this impact is not limited to the costs of poor management (shown by the area
of the dotted red rectangle in the same Figure 39-C).

10.2.3.3 The point reference

As with contributions to aggregate surplus, the tool measures these variations in consumer
surplus (generated by the IBT) by considering an "effective" TBSE in which households connected
to the sewerage network face a “EPA” TBSE pricing and those that are not face a “EP” TBSE pricing
with regard to the values entered by the user.

10.3 Additional items

The impact of taxation After presentation of the results for the general population, with impacts
calculated for subscription amounts and prices per cubic metre including tax, the calculation of (i)
household contributions to the aggregate surplus and (ii) variations in consumer surplus is carried
out (in a second stage) excluding charges and VAT, in order to identify the effect of the pricing
policy implemented by the Operator, then reproduced for prices including environmental charges
but not VAT, so as to identify, by balance, the effect of the ecological tax introduced by the local
Water Agency and, finally, for prices including environmental charges and VAT (one then returns
to values including VAT) so as to identify, by balance, the effect of the consumption tax
mechanism set by the State.

It should be noted that, while the impact of taxation on consumer surpluses is systematically
negative, the same is not true for the aggregate surplus, with positive impacts for small consumers
(who, compared to the first-order optimum, consume too much) and negative impacts for large
consumers (who, compared to the first-order optimum, consume too little), with a total effect that,
in the end, is indeterminate.
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Figure 39 : Consumer surplus - the impact of over-consumption
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Focus and group breakdown As with the previous fields, the tool provides a more detailed (level
2) information by breaking down the subscriber population into 2 groups, and next into 4 groups
based on the criteria :

- Group 1 ("The household is not connected to the sewerage network and only pays for drinking
water™) vs. Group 2 ("The household is connected to the sewerage network and pays the "EPA"
tariff"),

- Poor ("The household's standard of living is below the poverty threshold entered by the user")
vs. Non Poor ("The household's standard of living is greater than the threshold entered by the user
and it is not part of the group of the most deprived households™),

- Poor-G1, Poor-G2, Non Poor-G1 and Non Poor-G2 (obtained by crossing the two criteria
described above).

The information in question then refers to focus and group decomposition of suitable indicators
(mean, variance, Gini index). Given the specific nature of the problem, this typology is enriched
by a third criterion relating to the position of households in relation to the first-best optimum (with
a distinction between "small” consumers who consume more than their first-best value, and "large”
consumers who consume less than their first-best value).

Recovery of environmental costs Finally, the tool concludes by assessing the recovery of
environmental costs, in relation to the values entered by the user, for the general population and
two household typologies (G1 vs. G2, on the one hand, G1-Poor / G2-Poor / G1-Non Poor / G2
Non Poor on the other hand) for, respectively, the IBT and the "effective” TBSE.

Xl - EVALUATION - QUALITY OF THE FUNDING

11.1 Income statement

The tool first displays the calculation of the operating result with, on the one hand, the calculation
and accounting breakdown of fixed costs/variable costs for the EP service, the A service and the
overall service:

CEP = C(QEP) = CFEP + CEPQEP (11.1)
CA =C(QA)=CFA+CAQA (11.2)
CEPA = C(QEP’QA) = CEP +CA =CF +CEPQEP +CAQA (11.3)

with CF =CF_, +C, and, secondly, the breakdown of company's sales including VAT with the

amount of revenue net of tax, the amount of excise duties paid to the Water Agency and the
amount of VAT collected for Public Authorities:

Rep~ = Z‘,TETPTC (@) =nxFg + Z(”iEPquBT -D~ ) + Qe + ZTVAiEP (11.4)
i=1 i=1 i=1
n, n, N

RAC =D TG ) =n,x Fy + > (7/q® = D) +1,Q, + D TVA! (11.5)
i=1 i=1 i-1

with:
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- N, the number of household subscribers to the public wastewater service (that is, the size of

Group 2),

. 7Z'iEP (mutatis mutandis 7riA) the marginal price (excluding tax) for consumption block j in
which household i is located,

. DiEP (mutatis mutandis DiA) the value of Nordin's D (calculated on the basis of prices

excluding tax) for this same consumption block j.

Noting T (0;) (mutatis mutandis T,(0,)) the amount of the bill excluding taxes and charges for
the drinking water supply paid by user i, the company's operating profit I is then calculated as:

= HEP + HA = ZTEP (quBT) - CEP (QéET) + ZTA (quBT) - CA (Q,IABT) (11-6)
i=1 i=1
with:
— _ CFEP \ EP IBT _ EP
My =nx| Py == + 2| (77 ~Ce )6 - D7 | (11.7)
i=1
CF, S A IBT A
My =n x| Fy == +Z|:(7zi —¢4)q" - D, ] (11.8)
2 i=1

This information is then summarised in an income statement, that also displays some averages
per subscriber and per service unit. These figures are expressed on a full-year basis.

Numerical example See Table 35, Table 36, Table 37, Table 38 and Table 39, on next pages, for
an numerical example with:

. Table 35, page 158, shows the Operator cost with a Drinking Water line, a Wastewater line
and an "Ensemble" line for the consolidated service, also known as the "EP/EPA" service;

« Table 36, page 158, shows Operator revenue with a Drinking Water line and two subheadings,
revenue from marketing the service to households not connected to the wastewater service
(Group 1) and revenue from marketing the service to households connected to the
wastewater service (Group 2), a Wastewater line and a "Ensemble" line for the consolidated
"EP/EPA" service;

. Table 37, page 159, gives an account of the operating result with a line relating to the margin
generated on the EP (drinking water) service, broken down into a specific subline for Group 1
and a specific subline for Group 2, a line relating to the margin generated on the A
(wastewater) service, and a final consolidated line for the general EP / EPA service.

For the case under consideration, these data inform that the operator recorded a (slight) deficit
of 179'449 € which represents:
II Mg +I1, -179'449

- _ =-0.8%
C C,+C,  22'505'408

of the total cost of the service (this latter ratio is also calculated and displayed by the tool). As is
apparent, this (slight) deficit is due to :
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. a loss on the Group 2 Household segment (which pays for drinking water and wastewater
services), I1, =-1'064'451,

which is greater (in absolute terms) than :

. the margin generated on the Group 1 Household segment (which is not connected to the
sewerage network / only pays for drinking water), I1, =875'372.

Besides:

. The budget for the wastewater service is virtually balanced, with a profit of I1, =1, =5'630
euros over a financial year,

so that this (slight) deficit for the general service is based on a loss linked to the provision of the
public drinking water service for households in group G2 and, given the subsidy for the first
consumption blocks (for the IBT tariff which is being tested/assessed here by the user), on an
insufficient level of consumption by households in group G2, potentially linked to the higher tariff
they face with the EPA service.

As is apparent, in addition to the masses (total cost, aggregate sales, profit) which are broken
down into a fixed and a variable component, all of these quantities are also expressed:

- on average per subscriber with, for example, an annual loss to the drinking water service of
€3.87 per household, broken down as follows:
IT n II, n, II

—:—x—+—x—2:0.471x38.82+0.529><(—41.92):18.30+(—22.16) (11.9)
n n n n n

with €18.30 the average net contribution (in euros) of households in Group 1 and—22.16 the
average net contribution (in euros) of households in Group 2 to the profit per subscriber
(household) equal here to—3.87 €;

- on average per unit of service with, for example, a margin rate on the EP service that breaks
down as follows :

1 2
Oe @ e & T _ 6 596,0.24+0.474x(~0.32) = 0,13+ (~0.15) (11.10)

Q Q Q Q @

i.e. for 474 units of EP service supplied to Group 2 households, for which a loss of 32 centimes
per service unit is achieved (subsidy/taxation on the Access Fee Included), there are 526 units of
EP service supplied to Group 1 households, for which a margin of 24 centimes per service unit is
achieved (subsidy/taxation on the Access Fee Included);

when these averages are well defined (the drinking water service provided to Group 2
households, which includes a sanitised part unlike Group 1 households, can be considered as a
better quality service with EP-G1 and EPA-G2 services which are not homogenous from an
economic point of view). The breakdown can then be pushed one step further with :

= 1 = 2
e N G f1Me | 0 B [ L 10e | 6471051 115x 002 0529 0,897 x —ri92
Q n g \g n n g (g, n, 160.537 129.159
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CF Y C C

n Q CF = cvMm | = Y, C = =

n n n Q

EP service | 47847 | 6887122 9000000 188.10 09 | 129.55 | 6198409.81 [15198409.81| 317.65 221

Aservice | 25300 |3267494 6000000 237.15 04 | 51.66 | 1306997.71 | 7306997.71 | 288.81 2.24

Total e 15000000 *rx 7505407.52 | 22505407.52 *rx

Table 35 : Operator Cost

RV R R

n Q nF F RVM — RV R — =

n n Q

EP service | 47847 | 6887122 3577041.72 | 74.76 1.66 | 239.02 | 11436289 | 15013331 | 313.78 2.18

G1 22547 | 3619628 1685613.72 |  74.76 175 | 28171 | 6351723 | 8037337 | 356.47 2.22

G2 25300 | 3267494 1891428 74.76 1.56 | 200.97 | 5084566 | 6975994 | 275.73 2.13
|Aservice | 25300 |3267494 ] | 1573154 | 6218 | 176 | 22686 | 5739474 | 7312628 | 289.04 | 224 |
[Total | [ ] | 5150196 | B | 17175763 | 22325959 | [ ]

Table 36 : Operator Revenues
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CF m I I
n Q CF-nF Il — m, nxm, I = —
n q n Q
EP service | 47847 | 6887122 542295828 |  -113.34 0.76 | 109.47 | 5237879.13 | -185079.15 | -3.87 -0.03
G1 22547 | 3619628 -2555467.23 | -113.34 095 | 152.16 | 3430838.71 | 87537149 | 38.82 0.24
G2 25300 | 3267494 -2867491.05 |  -113.34 055 | 7142 | 1807040.42 |-1060450.64 | -41.92 -0.32
|Aservice | 25300 |3267494 ] | -4426846.00 | -174.97 | 136 | 175.20 | 443247622 | 563022 | 022 | 0002 |
[Total B | -0849804.28]  **x [ xxx ] | 9670355.35] -179448.93 | [ ]

Table 37 : Operating Profit
Identification of G1 EP — G2 EP — G2-A transfers :

EP EP A
E:ﬂxn—l+&x(n—2+n—2J:o.471><38.82+0.529><(—41.92+o.22):18.30+(—22.16)+o.12
n n n n \n n

H EP Hl EP HZ
B E X2, (526 0.24+0.474x(~0.32) = 0.13+(-0.15)
QEP QEP 1 QEP 2

—1 1 =2 2
e _ ﬁxhx(i E}Lﬁxqﬂx[iﬁj — 0.471x1.115x 1:3'82 1 0.520%0.897 x 1192

Qe N Tp» (G N ) N T (T, N, 129.159
2

Ha LI 1 oo

Q. 4, n, 129.159
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TVA

n Q nxtF txF TVA, | nxTVA, nx TVA TVA o
EP service | 47847 | 6887122 75117.88 1.57 538 | 257517.62 [332635.4913| 6.95 0.05
G1 22547 [ 3619628 35397.89 1.57 632 | 142507.64 [177905.5311| 7.89 0.05
G2 25300 | 3267494 39719.99 1.57 455 | 115009.97 |154729.9603|  6.12 0.05
|Aservice | 25300 |3267494 | | 1573154 | 6218 | | 2320 | 58701737 | 74433277 | 2942 | o023 |
| Total B | 23243328 |  **x | | | 84453499 | 1076968.26 |  *** |  xxx |
Table 38 : State Account

n Q nxr, r rxq nxrg nx(p+rq) | L+rg r
EP service | 47847 | 6887122 #4% #4% 17.27 | 826454.64 *rx *ex 0.12
G1 22547 [ 3619628 Hr Hr 19.26 | 434355.33 *xx Hxx 0.12
G2 25300 [ 3267494 . . 15.50 | 392099.31 *ax *oxk 0.12
|Aservice | 25300 |3267494 | I | 517 | 13069977 | *** | xx* | 004 |
|Tota| ‘ *k ok ‘ *k ok ‘ ‘ ok ok ‘ ok K ‘ ‘ ‘ 957154.41 ‘ * k% ‘ kK | * %k ‘

Table 39 : Water Agency Account
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to assess :

. the number of contributors relative to the number of beneficiaries (in this case, 471
contributors for 529 beneficiaries),

. the ratio of the average bases on which the (net) contributions of Group G1 members and the
(net) subsidies of Group G2 members are based (in this case, for 111.5 units of service
provided (and taxed on average) to a Group 1 member, 89.7 units of service are provided (and
subsidised on average) to a Group 2 member),

- theaverage tax and subsidy rates, per unit of EP service, that are applied ex post to households
in Group 1 and those in Group 2.

These accounting breakdowns with the identification of margins per subscriber and per service
unit for the EP-G1, EP-G2 and A-G2 clusters are then also calculated and displayed by the tool.

Finally, these Operator accounts are completed with:

. agovernment account linked to VAT collection (see Table 38, page 160) ;

- a Water Agency account linked to the collection of excise duties (see Table 39, page 160) ;
whose structures are similar to those of the operator's sales account, with in particular:

. aline relating to the collection of VAT (at a specific rate) for the drinking water service, broken
down into a heading for Group 1 and a heading for Group 2, with the calculation of an average
amount of tax per capita and per service unit;

- aline relating to the collection of VAT (at a specific rate) for the sanitation service (paid only
by households in group 2), with also the calculation of an average amount of tax per capita
and per service unit;

and similarly for the collection of excise duties. It should be borne in mind that, unlike
environmental charges, the mechanism of VAT (which is an ad valorem tax), applied to prices per
cubic metre that increase in step with the consumption, makes that tax per cubic metre is also
increasing in step (see the "Remark", page 50). Neglecting the (regressive) effect of the
subscription fee (which is also subject to VAT), this non-linear effect means that the average rates
per unit of service calculated and displayed by the tool differ from the statutory VAT rates (which
are entered by the user).

11.2 Financing structure
11.2.1 Nordin Analysis

In order to facilitate the findings, the tool provides an initial analysis of the IBT treatment of the
customer portfolio with a reading “a la Nordin” of the operating profit (REX variable). For these

purposes, the net contribution to service funding of household i, noted IT, =T, —=C, , is rewritten
as:

I, =11, + 1, (11.11)
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~ F
-1, =F R D, : the "pseudo" subsidy/taxation on access fee,
n

- D, : the Nordin D value for household i
-M = (7zi —c)xqi = 14X Q; : the "pseudo” subsidy/tax on consumption,
- 7; : the value of the marginal price for the same household i,

- M =m; —C :the "pseudo" marginal rate of subsidy/taxation on consumption the Household
is facing

with tariff parameters corresponding to their Operator values, excluding taxes and charges. The
equation (11.11) states the net margin achieved by the Operator on household i breaks down

into the sum of 2 terms. The first, ﬁio , is a fixed part, positive or negative, that decreases in
steps with the level of consumption:

F_CF it 0<qg<k
n
CF .
ﬁio: F—T—kl(ﬂ'z—ﬂ'l) |f kl<qSk2 (1112)
CF .
F—T—[kl(zrz—ﬂl)+k2(7z3—ﬂ2):| if  k,<q<k,

The second, M, =(7zi—C)><qi =140, , is a variable part which is negative in the subsidised

consumption blocks and positive in the "taxed" blocks with:

(m,—c)q, if 0<qg<k

(z,—c)g if k <q<k,

M = 14 x; :(”i _C)Xqi = (11.13)

(m3—c)aq if k,<q<k,

The point is that, from the operator's point of view, all goes as if the funding mechanism:

. subsidises increasingly the access fees of the Household (assuming that F < %, what is the
most likely case)

with at the same time:

- prices increasingly all the household water consumption according to positioning in the unit
price schedule (block 1, block 2 ...).

In other words, from the point of view of its net effects,
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. an IBT of the social incentive type can be analysed as a super-progressive pricing system*’ but
supplemented by a system of subsidies on the access fee that increases in steps with the level
of consumption.

On this basis, the tool displays a supplementary table specifying the average values (per
subscriber) of net cash flows, incoming and outgoing, by consumption block:

ﬁo f, =L 7 Mean M, Mass |\7|j Mass IT,
Block 1 F-& f, m —C rﬁl=(72'1—C)q_1 M, f[l
Block 2 F-<%+D, | f, m,—C ﬁzz(ﬂz—C)Gz M2 f[z
Block 3 F-<+D, | f, m,—C rﬁ3 =(7,—c)0, |\7|3 f[3
Overall

Table 40 : Contributions to service funding - reading a la Nordin

with 0, the average consumption of household customers located in block 1, {, the average

consumption of household customers located in block 2, and so on. This table is produced for,
successively, the EP service, the A service and the general (EP / EPA) service. See Table 41, page
164, for a numerical example.

Remarks:

(1) The tables given on page 164 correspond to the Operator treatment and, given the VAT
mechanism (which is an ad valorem tax), there is also a State treatment and a consolidated
treatment (which is obtained by summing the Operator treatment and the State treatment)
named as the Subscriber treatment.

The tables relating to State treatment (VAT) and Subscriber treatment (consolidated) are then
displayed in the Economic Efficiency field with, in particular, the calculation of consumer surplus
(variations).

(2) For analysis purposes, the tool also produces an Operator Treatment Table, A State Treatment
Tabble and a Subscriber Treatment Table for EP-G1 service, EP-G2 service and EPA G2 service,
with two potentially interesting comparisons:

. EP G1 vs. EP G2 (EP service breakdown) for which relatively higher EP subsidies and relatively
lower contributions to EP service funding are expected for group G2, compared with group
G1, given the potentially lower average consumption (all other things being equal);

47 A super-progressive pricing system combines the payment of a fixed part (subscription fee) and a variable part
that is proportional to the volume of water consumed, but with a price per cubic metre that increases in step, so
that the household pays all its consumption at the marginal price, that is at the price of the block in which its
consumption is located. This system has been applied in Tunisia for a long time, and more recently in Morocco, using
a no "step back" clause for households located in block 2 (who still face progressive pricing, with block 1 units sold
at the block 1 price).
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Table 41 : Nordin reading of the income statement — numerical example
EP Service o a o = - = ~ = =
General population " f; (%) I Hy=m;=C 9 m; = 49 NI Ny n;m; NI,
Block 1 814 1.7 -113.34 -0.02 49.04 -1.08 -114.42 -92232.62 -932.06 -93164.68
Bolck 2 14152 29.6 -171.00 0.94 97.35 91.41 -79.59 -2419997.47 1272179.71 -1147817.75
Block 3 30551 63.9 -282.48 1.87 158.75 296.54 14.06 -8630142.77 9107613.95 477471.18
Block 4 2330 4.9 -669.36 3.48 262.71 914.22 244.86 -1559455.23 2137887.33 578432.10
Total 47847 100 -265.47 1.82 143.94 261.60 -3.87 -12701828.09 12516748.94 -185079.15
A service o a o = - = - = =
Group G2 " f; (%) Ay Hy=7=¢C 9 mj = #;4; ;i ;T n;m; n;L;
Block 1 723 2.9 -174.97 0.90 53.00 47.70 -127.27 -126481.31 34480.55 -92000.76
Bolck 2 9879 39.0 -224.17 1.72 92.85 159.71 -64.47 -2214627.10 1577754.65 -636872.46
Block 3 14096 55.7 -234.97 1.81 152.86 276.68 41.70 -3312128.49 3899947.09 587818.61
Block 4 602 2.4 -304.57 2.10 260.99 548.08 243.51 -183469.67 330154.50 146684.83
Total G2 25300 100 -230.70 1.79 129.15 230.92 0.22 -5836706.57 5842336.79 5630.22
EP / EPA service 0 ~ _ = = = ~ = =
(consolidated) " f; (%) By Hy=7=¢ 9 mj = #;4; N Ny n;m; n;L;
Block 1 814 1.7 -268.77 0.79 52.06 41.23 -227.54 -218713.93 33548.49 -185165.44
Bolck 2 14152 29.6 -327.49 2.10 95.73 201.38 -126.11 -4634624.57 2849934.36 -1784690.21
Block 3 30551 63.9 -390.89 2.67 159.59 425.76 34.87 -11942271.26 13007561.05 1065289.79
Block 4 2330 4.9 -748.11 4.02 263.69 1059.35 311.24 -1742924.90 2468041.83 725116.93
Total 47847 100 -387.45 2.67 143.94 383.70 -3.75 -18538534.66 18359085.74 -179448.93
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. EP G1 vs. EPA G2 (breakdown of the general service with a focus on customer segments) for
which subsidies and contributions to service funding are expected to be relatively higher for
members of the group G2 (with a subsidy-taxation system for wastewater in addition to the
one for drinking water) in a context where demand is price inelastic.

This information is then used to create an infographic for a more detailed analysis of how the
Operator handles its household subscriber portfolio.

Pen's Parades and Funding Profiles This analysis of the operator treatment of the household
customer portfolio, with the application of the IBT which is evaluated/tested by the user, is
refined with the production of an infographic whose starting point is the Pen's parade of the
customer net margin - Access Fee Included of the general EP / EPA service:

=(I1,I,,....I1,)

with IT, <II, <...<II the ranked series of the household customer net margins. This Pen's

Parade is the result of the merging of two "Funding Profiles" depending on whether one adopts
an approach by Service, EP vs. A, or by customer segment, EP-G1 vs. EPA-G2. In the first approach
(by Service), two separate diagrams are shown (along with Pen's parade);

(i) the graph of the "Net margin Acces Fee Included " function for the drinking water service:

CR CF,
Meo (0) = Ter (Q)—[ nEP +Cep XQJ= Fep ——

(DEP(q) the Nordin's D function for the EP service, 7 (q) the marginal price function for the

— D (0)+(7er (9) —Cp ) x 0 (11.14)

same EP service) augmented by the histogram of household water consumption for the drinking
water service alone;

(i) the graph of the "Net margin Acces Fee Included " function for the wastewater service:

CF, CF,
R e

A

—D, () +(7a(a)—ca)xa (11.15)

(D, (q) the Nordin's D function for the A service, 7, () the marginal price function for the

same A service) augmented by the histogram of household water consumption for the
wastewater service alone.

In the second approach (customer segment), two separate diagrams are (still) shown (along with
the Pen's parade):

(i) the graph of the "Net margin Acces Fee Included " function for the drinking water service (see
equation (11.14)), and the histogram of water consumption for households in group G1 only (not
connected to the public sewerage system)

(ii) the graph of the "Net margin Acces Fee Included " function for the water and wastewater
service:
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Figure 40 : Breakdown of the Pen's parade of the household net margin by service : EP vs A
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Figure 41 : Breakdown of the Pen's parade of the household net marginby Groups : G1 vs. G2
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CF CF
Mepa (q) =TEP (q)+TA (Q)_|:TEP+_A+(CEP +CA)Xqi|
A (11.16)
CF CF
=Fp +Fy _(TEP"'n_AJ_ DEPA(q)"'(”EPA (q)_CEPA)Xq
A

( Dgpa (0) = Dgpa (G)+ D4 (0) the Nordin D function for the drinking water and wastewater

service, Zgpp (CI)=7ZEP (q)+7rA (q) the marginal price function for the drinking water and

wastewater service) plus the histogram of water consumption for households in group G2 only
(connected to the public sewerage system).

As shown, these diagrams display the percentage of households (domestic subscribers) that are
net beneficiaries (of the subsidy/taxation system put in place by the IBT) and the percentage of
households that are net contributors (to service funding), the amounts of (net) subsidies and
(net) "taxes" (and their balancing) that are implemented by the tariff as well as the distribution
of these subsidies and "taxes" over the relevant sub-populations, by service (EP vs. A) or by
customer segment (Group 1 (EP service only) vs. Group 2 (EPA service)).

11.2.2 Covering fixed costs with variable revenues

11.2.2.1 Décomposition 1 (2 postes)

The aim here is to assess the extent to which fixed costs are financed by variable revenues, and
vice versa. For these purposes, it is applied an “economic” breakdown of the operating result
(and of the household contributions to service funding) by comparing:

(1) the captive component of household i's revenue R =T (), that is:
Ty =T(ds,) (11.17)

where Q; 2 g; is the captive part of the consumption of household j, to the service cost related

to satisfying this captive consumption, that is:

Coi =CTF+C><q0,i (11.18)

with the calculation of a (potentially negative) net margin:
CF
My, :T(QO,i)_(T"‘qu,i) (11.19)

(2) the variable part of household i's revenue R, =T (), that is:
Toa, = T(G) =T (0;) (11.20)

where (; —(,; is the "economic" part of consumption of the household /, to the service cost of

satisfying this variable consumption, that is:
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C,; =cx(g,—dy;) (11.21)
with the calculation of a net margin:
M, =T, o —Cui =T(a) =T (d;)—cx(q ;) (11.22)

(potentially negative as well).

For example, for a household i whose captive consumption 0; is in block 1 and consumption (;

is in block 2, we have:

Economic fixed part Economic variable part
Revenues To;i = F + 7m0y, Taa, =7 (Gos —k)+ 7, (s —k) [ Ti=T(q)
Service Cost Coi = % +Cdp; C,.=c (qi — 0o, ) C = T +Cq,
. CF
Net Margin F—T+(nl—c)qo,i (ﬂl—c)(qm —k1)+(7fz—c)(%,i —k1) I,

Table 42 : Financing Structure — Household sources

with IT, =T, = C, the (possibly negative) margin/profit generated on household i. The tool then

calculates the sums of these 9 variables (including Ty;, C,;, T, 4, and C,; ) for each household

i —o,i

in the Population module to display a table of flow that writes:

Agregate Economic Fixed Part Agregate Economic Variable part

Revenues Ro = ZTOJ R, = qu—qo,i - ZT (qi)_T (qo,i) R= ZT (Qi )
i=1 o = —

Service Cost | C, =CF +¢Q, C,=C-C,=cx(Q-Q,) C=CF +cQ
Net Margin | M, =R, -C, M,=R,-C, M=R_C

Table 43 : Aggregate Financing Structure |

n

where Q0 =Zq0,i is the aggregate captive consumption, and next computes some coverage
i=1

rates with the ratios:

R0
=— 11.23
Yo C, ( )
C, C-C,
R
= 11.25
Y=C ( )
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Given the subsidisation of the first consumption blocks, the "taxation" of the higher blocks and
the cost recovery constraint, it is expected that:

. the first coverage ratio (linked to the economic fixed charges) takes on a value of less than 1,

For example, a value of 0.4 indicates that the revenue from captive consumption finances 40%
of the service cost to the satisfaction of this same captive consumption, with an associated loss
of 60-euro cents per euro invested in the production of these units (and for which additional
funding has to be found).

. the second ratio (linked to the economic variable charges) takes on a value greater than 1,

For example, a value of 1.2 means that one euro of expenditure invested in the production of
non-captive units (here % service units) yields 1.20 euro of revenue, of which 20 cents can be
allocated to financing the production of captive consumption.

. the overall cost coverage ratio takes a value equal to 1

with the funding of the service which is then well balanced. The tool also displays the following
breakdown of the overall cost coverage ratio:

R_R*+R_ G R, C R ZCF+cQOX%+C(Q—Qo)X
C C,+C, C,+C, C, C,+C, C,+C, C C

7y (11.26)

with the first term :

Ry _CF+eQ,
C,+C, C

which reflects the contribution of the captive part of revenues to cost recovery, and the second
term:

R, =C(Q_Qo)
C, +C, C

XYy

which reflects the contribution of the variable part of revenue, in the economic sense, to cost
recovery. This financing structure can be compared with the one that would emerge, for a given
consumption, with the TBSE, i.e. with the shares of captive consumption Q, and variable

consumption Q —Q, in the total cost of the service C(Q).

Numerical example See Table 44, page 171, for an illustration relating to the funding of the
general service EP / EPA and for which we have:

0.992 =0.840x0.623+0.160x 2.934 = 0.523+ 0.469
This decomposition (which corresponds to the equation (11.26)) states:

. commercial revenues (for the Operator part) cover 99.2% of the cost of the general service
(EP / EPA) with (here) a slight deficit of 0.8% of the total (consolidated) cost;

. fixed part of revenues, fixed in the economic sense, that is for the level of service
corresponding to the satisfaction of captive consumption QO, covers the total cost of the

general service C (Q) up to 52.3%;
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Table 44 : Calculating covering ratios — basic breakdown
Fixed part Variable part Total
n 47847 Average per suscriber Mass Average per suscriber Mass Average per suscriber Mass
Revenue 61.53 2943845.31 55.13 2637644.34 116.65 5581489.65
Cost 98.80 4727231.09 18.79 899120.79 117.59 5626351.88
Net margin -37.27 -1783385.78 36.34 1738523.55 -0.94 -44862.23
Coverage rate 0.623 2.934 0.992
Cost shares
Contributions Sum
Breakdown 0.840 0.523 0.160 0.469 0.992
CF +cQ, c(Q-Q))
V= XYVt X7y
C C

< 0.992=0.840x0.623+0.160x 2.934
< 0.992=0.523+0.469
with : 0.992-1=-0.08

0.992-1=-0.08 percentage points,
0.523-0.840 = -31.7 percentage points,
0.469-0.160 = +30.9 percentage points,
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. variable part of revenues, variable in the economic sense, that is generated by the marketing
of the variable part of consumption Q —Q,, covers the total cost of the general service C (Q)
up to 46.9%.

This financing structure should be compared with the one that emerges with the TBSE, with given
IBT consumption, for which:

CF +cQ c(Q-Q
V1BsE = C OX7OTBSE+ ( C 0)X7\/TBSE

©1=0.840x1+0.160x1

i.e. i.e. with TBSE (applied to IBT consumptions):
. there is no deficit,

- the fixed part of the revenue, fixed in the economic sense of the term, would cover 84.0% of
the total cost of the service,

. the variable part of the revenue, variable in the economic sense of the term, would cover
16.0% of the total cost of the service.

In doing so, the IBT (which is tested/evaluated by the user) generates :

(1) a value for the fixed part of revenues that is below its reference level with (i) a percentage
point difference equal to :

Ay, = G X R 1o 0.840x(0.623—-1) = 0.523-0.840 = —31.7 points de pourcentage
C,+C, (C,

i.e. compared with TBSE, the fixed share of revenue, fixed in the economic sense of the term, in
the financing of the service has been reduced (with the introduction of the IBT) by 31.7
percentage points and (ii) a relative difference which is directly given by :

A R gy -1-0623-1=-0.377=-37.7%
e G

i.e. compared with the TBSE, fixed share of revenue, fixed in the economic sense of the term, in
service funding has been reduced (with the introduction of the IBT) by 37.7%;

(2) the variable part of revenue which is above its reference level (TBSE) with (iii) a percentage

point difference which is given by :

Ay, = %x(% - J =0.160%(2.934—1) = 0.469 —0.160 = +30.9 points de pourcentage
0 + v

\

and (iv) a relative deviation (as a % of the IBT-TBSE value) which is directly given by :
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A
2 &—1: 2.934-1=1.934=+193.4%

o G
i.e. compared with the "IBT-TBSE value", the variable part (in the economic sense of the term) of
the revenue is (here) multiplied by almost 3 (compared with what would be obtained if TBSE was
applied to these IBT consumptions).

11.2.2.2 Décomposition 2 (4 postes)

This first table on the economic financial structure is then supplemented by a second one
showing (1) the basic consumptions (as estimated by the user with the reprocessing of captive
components) and (2) the overconsumptions (linked to misperception of the tariff) with a Table
43 that becomes:

Fixed Part Variable part
Basic Captive non-basic =1 Overconsumption
n
Revenues R R,—R RI™ = ZT (q™)-T (®,) | R -R™ R
i=1
Service Cost c Co - C_: C\f:l =Cx (Q,(=1 - Qo ) CX (QK:KO - chzl) c
Net Margin M M,-M Mfﬂ:RVK:l—CVK:l M\f:l:R::l_C::l nl

Table 45 : Aggregate Financing Structure |l

with:

n

R =ZT (qi) revenue from the marketing of the basic service, including the collection of
=1

subscriptions (access fees),

. C=CF +CQ the cost to the service of providing the basic service,

n n
. R-R= ZT (qi) —ZT (qoyi) revenue from the marketing of non-basic captive consumption,
=1 i=1
in this case water used for garden maintenance and swimming pool maintenance (excluding
user reprocessing),

. C,-C= CX(QO —9) the cost to the service of producing and distributing these cubic metres

for garden and swimming pool maintenance (excluding user reprocessing),

=1 . . . . .
. R revenue from the marketing of service units meeting the economic component of

demand, excluding over-consumption,

. Cf=1=c><(QK:l—QO) the cost of providing the service for the economic component of

demand, excluding excess consumption,

. R, - Rv'(:1 the contribution of overconsumption to company turnover,
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. C><(Q,(=,(0 _QK=1) the cost to the service generated by the part of the production that

corresponds to over-consumption.

The last line of the table shows :

« M =R-C :the mass of net margin (likely to be negative) on basic consumption Access Fee
Included, that is the (likely) support for the basic service;

« M;-M=R,-C, —(B—(_:) : the mass of net margins on the captive but not basic part of
consumption (the latter is then necessarily Acces Fee Excluded),

. MV"=1 = szl—Cf:l : the mass of net margin generated on the variable (economic) part of
consumption, excluding over-consumption,

. MV"=1=F{/K=1—C\:(=1 : the masse of the net margin (likely to be positive) generated on

overconsumptions, that is the (presumably) contribution of overconsumption to service
funding.

In this context, the decomposition (11.26) becomes:

CF +cQ C(QO_Q) C(szl_QO) x=1 C(QK:Ko_Q’le)

= — X — Ve s T~ Xy XV surco 11.27
Y@ e e T e e Y
with still y=R/C and:

_R _RR-R  R-R

Z_(_: 7Fixe_HB—CO_§_CX(QO_9)

7x=1 — Rea—R — Rea—R Vareg = R-R — R-R

T C(Qu)-C(Q) cx(Qua=Q) T C(Q)-C(Qu) ex(Q-Qu)

the coverage rates for, respectively, the basic service (with, presumably, 7 < 1), the captive but
non-basic consumption, the economic component of demand excluding over-consumption and
the over-consumption (with, presumably, ¥ >1 ). Finally, decomposition (11.27) is
reformulated to explicitly show (potential) direct support (normally close to 0):

l:CF+C9XZ+C(QO_9) C(QK=1_Q0)X K—1+C(QK=K0_QK=1)X7/ n mil

C(Q) C(Q) XyFixe_HB+ C(Q) yv C(Q) surco C(Q)
(11.28)

(it is this last breakdown that is displayed in fine by the tool) with IT = R—C the operating result
of the water company.
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Numerical example See Table 46, page 176, for a numerical illustration concerning the funding
of the general service EP / EPA, and for which:

CF+ CQ C(Qo _9) C(QK=1 _QO) K=1 C(Q"="0 _QK=1) —I1
1= Xy+ XVeewe T— a7~ <MW T XVsuco T A7~
C(Q) = <¢(Q - C(Q) C(Q) C(Q)
_8L2 063+ 28 23614 139 2 856+ 20 w3446 +0.008
100 100 100 100
=0.457+0.066+0.387 +0.072+0.008
(11.29)

The interpretation is similar to decomposition 1 (with 2 items) except that the contributions of
basic service (which includes the access fee) and overconsumptions to service funding are
highlighted. In particular, the equation (11.29) shows:

. commercial revenues (for the Operator part) cover the cost of the (general) service up to
1-0.8% =99.2% (cf. also the value of the coverage rate y =R/C displayed in Table 46) with

(here) a slight deficit of 0.8% of the total (consolidated) cost;

. marketing of the basic service covers 45.7% of the cost of the (general) service, with a self-
financing rate of y =0.563="56.3%,

i.e. the marketing of the basic service funds 56.3% of the Operator costs linked to the provision
of the basic service, the latter including the collection of an access fee and a (non-linear) tariff
for basic cubic metres. These values should be compared with those obtained for the TBSE (and,
where applicable, a service maintained at its IBT level), that is:

(Ej “Coosr
Clerrese C

n

n
E (FTB + 7 xq.) NxFee + 70 E o
se T 7LTBSE TBSE TBSE CcF
_ BIBT_TBSE = = — = 3 nx-= +Cx(__) _

Lier_tese = ¢ CF +¢Q CF +cQ CF +cQ

This gives (i) a difference in percentage points equal to :

5_(5) 6 B E G R 1) 0812x0563-0.812=0.812x(0.563-1)
¢ (Clee ccc e
c c _C _ _
:EXZ—6=EX(Z—1)—0.457—0.812—0.812><(—0.437)

=-0.354 = -35.4 points de pourcentage

i.e. ceteris paribus (with, in particular, a given level of IBT consumption), the implementation of
the IBT reduces the share of revenue linked to the marketing of basic service by 35.5 percentage
points with (ii) a relative difference (as a percentage of the IBT-TBSE value) equal to:
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——x0.563+—x2.361+——x2.856 + 100 x3.446+0.008

100

100

100

=0.457+0.066+0.387+0.072+0.008
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Table 46 : Calculation of coverage rates -- breakdown n°2 for General Service "EP / EPA"
Fixed Part Variable part
n Mean Mass Mean Mass Mean Mass Mean Mass Mean Mass
47847 Basic Consumption Non basic Cz_:lptive PP Economic Part Overconsumption
Consumption
Revenue 53.76 2572411.44 7.76 371433.87 46.63 2231219.78 8.49 406424.55 116.65 5581489.65
Cost 95.51 4569915.19 3.29 157315.90 16.33 781164.67 247 117956.11 117.59 5626351.88
Net margin -41.75 -1997503.75 4.48 214117.97 30.31 1450055.11 6.03 288468.44 -0.94 -44862.23
Coverage rate 0.563 2.361 2.856 3.446 0.992
Cost shares
Contribution Sum
Breakdown 0.812 0.457 0.028 0.066 0.139 0.397 0.02 0.072 0.992
Identification and Quantification of funding sources for General Service:
_ CF +CQ C(QO_Q) . +C(QK:1_Q0) o= +C(QK:K‘0 _Qx—l)x}/ _H
C(Q) C(Q) Fixe_HB C(Q) C(Q) surco C(Q)
812 2.8 13.9 2.0
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0.812x(0.563-1)
0.812

=0.563-1=-0.437=-43.7%=y -1

Examination of other contributions :

RO_R_ _C_C_: RO_B
C C C-C

=0.028x2.361

X

k=1 K= k=1
R 03075 R _0139x2856

C c c
surco k=Kky _ k=1 k=1
R =0.072= C C, X R =0.02x3.446
C C Cx (QK:KO - QKzl)
shows:

captive but non-basic consumption, in this case garden and swimming pool maintenance,
contributes 6.6% to the recovery of (general) service costs, with a multiplier of 2.361, i.e. 1
euro spent on satisfying captive but non basic consumption generates an average of 2,361
euros in revenue to fund the (general) service;

economic part of consumption (excluding over-consumption) contributes 39.7% of the
recovery of (general) service costs, with a multiplier of 2.856;

over-consumption (due to tariff misperception) contributes 7.2% to the recovery of (general)
service costs, with a multiplier of 3.446.

The values of these contributions are then 0.066-—0.028=3.8 percentage points,
0.397-0.139 = 25.8 percentage points and 0.072-0.02 =5.2 percentage points higher than
the TBSE reference values, i.e.:

. ceteris paribus (with, in particular, given IBT consumption), the introduction of IBT increased
the weight of these consumptions in the funding of general service by 3.8 percentage points,
25.8 percentage points and 5.2 percentage points respectively.

Lastly, the deficit equal (in this case) to 0.8% of the cost of the service constitutes direct support
(funded by other sources of funding, necessarily).

Finally, this information (production of Table 46 + calculation of coverage rates + Disaggregation
of the overall coverage rate into its various components + display of direct support) is also shown:

. for the EP service and the A service (G2) with a focus on Services (Activities),
. forthe G1 group (EP) and the G2 group (EPA) with a focus on "Customer Segments",
. for groups G1 and G2 for the EP service only

so as to cover all the a priori comparisons that the user would like to be able to perform. On this
point, see Table 47 page 178, Table 48 page 179, Table 49 page 180, Table 50 page 181 and Table
51 page 182.
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Fixed Part Variable part
n Mean Mass Mean Mass Mean Mass Mean Mass Mean Mass
47847 Basic Consumption Non basic Captive Consumption PP Economic Part Overconsumption
Revenue 33.92 1622923.13 4.97 237563.98 33.15 1586 092.12 6.41 306 753.44 78.44 3753332.67
Cost 60.85 2911385.02 2.72 130 182.26 13.76 658217.29 2.09 99817.88 79.41 3799 602.45
Net margin -26.93 -1288461.89 2.24 107 381.71 19.39 927874.83 4.32 206 935.56 -0.97 -46 269.79
Coverage rate 0.557 1.825 2410 3.073 0.988
Cost shares

Contribution Sum

Breakdown 0.766 0.427 0.034 0.063 0.173 0.417 0.03 0.081 0.988

Identification and quantification of funding sources for EP Service:

1= CFEP + CEPQ

Cer (Q)
766

X]_/+

3.4

EP Cep (QO _Q)X
Cer (Q)

17.3

EP
Fixe_HB

Cep (szl - Qo)
CEP (Q) '

3.0

% xk=1EP

——x0.557 + —x1.825+ ——x2.410+—x3.073+0.012
100 100

100

100

=0.427+0.063+0.417+0.081+0.012
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Table 48 : Calculation of coverage rates -- breakdown n°2 for "A" Service
Fixed Part Variable part
Abonnés Mean Mass Mean Mass Mean Mass Mean Mass Mean Mass
25300 Basic Consumption Non basic Captive Consumption PP Economic Part Overconsumption
Revenue 37.53 949 488.31 5.29 133 869.89 25.50 645127.66 3.94 99 671.11 72.26 1828 156.98
Cost 65.55 1658 530.17 1.07 27 133.64 4.86 122947.38 0.72 18 138.23 72.20 1826 749.43
Net margin -28.03 =709 041.86 4,22 106 736.25 20.64 522180.28 3.22 81532.88 0.06 1407.56
Coverage rate 0.572 4934 5.247 5.495 1.001
Cost shares

Contribution Somme

Breakdown 0.908 0.520 0.015 0.073 0.067 0.353 0.01 0.055 1.001

Identification and quantification of funding sources for A Service (G2) :

1= CF, + CAQA " Ca (QO,A - QA) A Ca (QK=l,A - QO,A) K=1A Ca (QK:KO AT QK':].,A) —II
. )

XCN

A
+ X]/ + ><}/SUI'CO-i_

c Q) LT ey et @y C.(Q

100 100 100 100

=0.520+0.073+0.353+0.055-0.001
[ |
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Table 49 : Calculation of coverage rates -- breakdown n°2 for "EP"-G1 Service

Fixed Part Variable part

Abonnés Mean Mass Mean Mass Mean Mass Mean Mass Mean Mass
22547 Basic Consumption Non basic Captive Consumption PP Economic Part Overconsumption

Revenue 33.44 754 069.64 5.45 122 814.73 41.80 942 549.49 8.42 189900.30 89.12 2009 334.16
Cost 60.54 1364 962.36 3.07 69 131.58 16.92 381585.69 2.62 59 006.85 83.15 1874 686.48
Net margin -27.09 -610892.72 2.38 53 683.15 24.88 560 963.80 5.81 130893.45 5.97 134 647.68
Coverage rate 0.552 1777 2.470 3.218 1.072

Cost shares
Contribution Sum
Breakdown 0.728 0.402 0.037 0.066 0.204 0.503 0.03 0.101 1.072
Identification and quantification of funding sources for G1 (EP Service):
CFEP + CEPQ]_ EP CEP (QO,]_ - 91) EP CEP (QK=]_']_ - Qo,l) x=1EP CEP (QK:K'O 1 - Qx':l,l) EP _H EP.1
1= C =Xy, * C X Y Fixe_HB1 C XVoa Tt C X Vsurcoa C ’
EP (Ql) EP (Ql) EP (Ql) EP (Ql) EP (Ql)
_ 72.8 3.7 20.4 3.0

x0.552 + —x1.777+——x2.470+—x3.218-0.072
100 100 100 100

=0.402 +0.066 +0.503+0.101-0.072
[ |
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Table 50 : Calculation of coverage rates -- breakdown n°2 for "EP"-G2 service
Fixed Part Variable part
Abonnés Mean Mass Mean Mass Mean Mass Mean Mass Mean Mass
25300 Basic Consumption Non basic Captive Consumption PP Economic Part Overconsumption
Revenue 34.34 868 853.48 4,54 114 749.25 25.44 643 542.64 4,62 116 853.14 68.93 1743 998.51
Cost 61.12 1546 422.65 241 61050.69 10.93 276 631.61 1.61 40811.03 76.08 1924 915.97
Net margin -26.78 -677569.17 2.12 53 698.56 14.50 366911.03 3.01 76 042.12 -7.15 -180917.47
Coverage rate 0.562 1.880 2.326 2.863 0.906
Cost shares
Contribution Sum
Breakdown 0.803 0.451 0.032 0.060 0.144 0.334 0.02 0.061 0.906
Identification and quantification of funding sources for G2-EP Service:
1= CFEP + CEPQZ % 7EP + Cep (Qo,z B 92 ) % ]/EP n Cep (QK=l,2 _Qo,z ) % 7,(:1,5,: n Cep (Qx:,q,‘z - QK:1,2 ) y 7/EP N _HEP,z
- /7 Fixe_HB,2 v,2 surco,2
CEP (QZ) ? CEP (QZ) CEP (Q2) CEP (QZ) CEP (QZ)

100 100 100 100

=0.451+0.060+0.334+0.061+0.094
[ |
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Table 51 : Calculation of coverage rates -- breakdown n°2 for "EPA"-G2 service
Fixed Part Variable part
Abonnés Mean Mass Mean Mass Mean Mass Mean Mass Mean Mass
25300 Basic Consumption Non basic Captive Consumption PP Economic Part Overconsumption
Revenue 71.87 1818341.80 9.83 248 619.14 50.94 1288 670.30 8.56 216 524.25 158.43 357215549
Cost 126.68 3204952.83 3.49 88 184.33 15.79 399578.99 2.33 58949.26 148.29 3751 665.40
Net margin -54.81 -1386611.03 6.34 160 434.81 35.14 889091.31 6.23 157 574.99 -7.10 -179509.91
Coverage rate 0.567 2.819 3.225 3.673 0.952
Cost shares

Contribution Sum

Breakdown 0.854 0.485 0.024 0.066 0.107 0.343 0.02 0.058 0.952

Identification and quantification of funding sources for "EPA" Service (G2) :

1= CFEPA + CEPAQZ % EPA " Cepa (Qo,z _92) o /EPA Cepa (Qx=1,2 _Qo,z) 5 /*=LEPA Cepa (szxo,z _QK:1,2) ¥ yEPA _HEPA,Z

CEPA (Qz) L CEPA (Qz ) Trim vz CEPA (Qz) T CEPA (Qz) ooz CEPA (Qz )

100 100 100 100

=0.485+0.066+0.343+0.058 + 0.048
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11.2.2.3 Additional desegregations (Groups, Services and Groups and Services)

The breakdown of the coverage rate for the General Service EP / EPA is refined with the
calculation of the contributions linked to the (3) distinctions Groups (G1 vs. G2), Services (EP vs.
A) and Groups and Services (EP-G1, EP-G2 and A-G2).

A) Additional disaggregation Returning to equation (11.26):

F c(Q-
y:ﬂmem
C
with:
R _R _R
7/ C'70 CO’}/V CV

the coverage rates of the general EP/EPA service, the captive component and the economic
component of household water consumption, this decomposition is next refined by introducing
(1) the dimension Groups G1 vs. G2, (2) the distinction Services EP vs. A, and (3) the distinction
Groups and Services EP-G1, EP-G2 and A-G2.

1) G1 vs. G2 decomposition For the G1 vs. G2 decomposition, we have:

}/:E:R1+R2: G x&+ix&: G Xy, + C,
C C+C, C+C, C C+C, C, C+C, C,+C,

XY, (11.30)

with:

- R, the Operator revenue (excluding taxes and environmental fees) generated by marketing the

EP service to group G1 only (sub-population of subscribers not connected to the collective
sanitation network),

- R, the Operator revenue (excluding taxes and environmental fees) generated by marketing the

EPA service to the G2 group only (sub-population of subscribers connected to the collective
sanitation network),

-C =n xin”’ +Cgp xQ, the cost to the service of providing the EP service for group G1,

CFp , CF
-C, :n2><( - +—A)+(CEP +C4)xQ, the cost to the service of providing the EPA service for

My

group G2

and:

R_RR_ G R G R %, o(Q-Q)
C, Cl+Cl Ci+Cl Cl Cl+Cl C' n%=4cQ 0 nioq, "

n n

v
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Table 52 : Decomposition by Groups, by Factors, and by Groups and Factors of equation (11.26) — Summary tables

Cost share matrix (Weights)

EP A EP / EPA (consolidated)
Fixed part Variable part Aggregate Fixed part Variable part Aggregate Fixed part Variable part Aggregate
Group 1 0.255 0.078 0.333 oAk oAk oAk 0.255 0.078 0.333
Group 2 0.286 0.056 0.342 0.300 0.025 0.325 0.585 0.081 0.667
All 0.541 0.135 0.675 0.300 0.025 0.325 0.840 0.160 1.000
Coverage rate matrix ‘ |
EP A EP / EPA (consolidated)
Fixed part Variable part Aggregate Fixed part Variable part Aggregate Fixed part Variable part Aggregate
Group 1 0.611 2.570 1.072 *AK *Ak *AK 0.611 2.570 1.072
Group 2 0.612 2.395 0.906 0.643 5.279 1.001 0.628 3.283 0.952
All 0.612 2.497 0.988 0.643 5.279 1.001 0.623 2.934 0.992
Contribution matrix ‘ |
EP A EP / EPA (consolidated)
Fixed part Variable part Aggregate Fixed part Variable part Aggregate Fixed part Variable part Aggregate
Group 1 0.156 0.201 0.357
Group 2 0.175 0.135 0.310 0.193 0.132 0.325
All 0.331 0.336 0.667 0.193 0.132 0.325
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R, Re+R; C Ry C; R
2T C TClicE Clici ciciicE c
2 0 v 0 v 0 0 v \

n (e Te)reQd o o(Q-Q)

= XYyt X,
CF, CF, 0 CF, CF v
nz(%"’Tf)"'CQz n, (%"‘TZA)"'CQz

the breakdown of coverage rates calculated for subscriber groups G1 and G2. By replacing}; and
7, by their expressions in (11.30), we get:
¢ ., ¢ ., ¢ ., c

X + X + X + X
c.+C, °"crc, e xc, e v,

Y=
(11.31)

] 1 2 2 X 1 Cz 2
B e
This relationship states that the coverage rate of the service, y =R/C, is a weighted average of

the coverage rates of the captive and variable revenues of groups G1 and G2. This identifies 4
contributions (in percentage points) which are shown in a specific table (see the 4 cells coloured
red in Table 52, page 184).

Numerical example Using the data from Table 52, we have :

0.998 = E><O.611+@><0.628+E>< 2.570+£x3.283 =0.156+0.367 +0.201+0.268
100 100 100 100

Literally:

. the captive consumption of group G1 contributes 15.6% of the cost of the (general) service,
with a self-financing ratio of 61.1%;

. captive consumption by group G2 contributes 36.7% of the cost of the service (general), with
a self-financing ratio of 62.8%;

« the economic component of consumption in group G1 contributes 20.1% of the cost of the
(general) service, with a multiplier of 2,570 ;

« the economic component of consumption in group G2 contributes 26.8% of the cost of the
(general) service, with a multiplier of 3.283;
and there is a (small) deficit of 0.8% (as a proportion of the cost of the service) which is financed

from other sources (necessarily). In addition,

- contributions from captive consumption are lower by 0.255—-0.156 =9.9 percentage points
and 0.585-0.367 = 21.8 percentage points respectively,

. contributions on the variable part of consumption are higher by 0.201-0.078=12.3
percentage points and 0.268-0.081=18.7 percentage points

compared with their IBT-TBSE values. The relatively higher values for group 2 are due to the fact
that the consumption of group 2 members is subsidised and taxed on an EPA service that includes
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the supply of drinking water and the supply of wastewater (whereas the consumption of group
G1 members is subsidised and taxed on the drinking water service alone).

2) Service EP vs. Service A decomposition For the Service EP vs. Service A decomposition, we
have:

7/:5: REP +RA — CEP X REP + CA X&: CEP XyEP+ CA
C CEP + CA CEF‘ + CA CEP CEP + CA CA CEP + CA CEP + CA

Xy, (11.32)

- R, the Operator revenue (excluding taxes and environmental charges) generated by the
marketing of the drinking water service (for the household subscriber population as a whole),

- R, the Operator revenue (excluding taxes and environmental charges) generated by the

marketing of the wastewater service (for the G2 group only, i.e. the sub-population of household
subscribers connected to the wastewater network),

- C =CF, + ¢ xQ the cost of providing the drinking water service,

- C, =CF, +c¢, xQ, the cost of providing the wastewater treatment service,

and:

EP EP EP EP EP EP
yEP:REP:CO XR?;P"_CV ><RVEP:C0 X7§P+ix7xlEp
CEP CEP Co CEP Cv CEP CEP

A A A A A A
7A=&:C_OXR_OA+C_VX&A=C_OX}/§+CV Xj/\f
CA CA Co CA Cv CA CA

the breakdown of the coverage rate for the drinking water and wastewater services respectively.
By replacing ygp et 7, by their expressions in (11.30), we get:

EP EP A A
R S S e S R T
C, +C, C, +C, C, +C, C +C,
(11.33)
(I)EP EP ol EP C())A A " A
=——XY, +——Xy, +—XY, +——X
C Yo C v C 7o e

This relationship states that the coverage rate of the cost of general service, y=R/C, is a
weighted average of the coverage rates linked to the fixed part, in the economic sense, and to
the variable part, in the economic sense, of the costs of the drinking water service and the costs
of the wastewater service. This identifies 4 contributions (in percentage points) which are shown
in a specific table (see the 4 cells coloured green in Table 52, page 184).
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Numerical example Using the data from Table 52, we have :

0.998 = 241 x0.612 + §x 2.497 + @x 0.643+ 25 x5.279=0.331+0.336+0.193+0.132
100 100 100 100

Literally:

« captive consumption for the EP service contributes 33.1% of the cost of the general service
EP/EPA, with a self-financing ratio of 61.2%,

- economic consumption for the EP service contributes 33.6% of the cost of the general service
EP/EPA, with a multiplier of 2.497,

. captive consumption for service A contributes 19.3% of the cost of the general service EP/EPA,
with a self-financing ratio of 64.3%,

. economic consumption for service A contributes 13.2% of the cost of the general service
EP/EPA, with a multiplier of 5.279,

and there is a (small) deficit of 0.8% (as a proportion of the cost of the general service) which is
financed from other sources (necessarily). In addition,

. contributions linked to the marketing of captive consumption are lower by
0.541-0.331=21.0 percentage points for service EP, by 0.300—0.193=10.7 percentage
points for service A,

. contributions linked to the marketing of the variable part of consumption are higher by
0.336-0.135=20.1 percentage points for service EP, by 0.132-0.025=10.7 percentage
points for service A,

compared with their IBT-TBSE values.

3) Decomposition EP-G1, EP-G2 and A-G2 Decompositions can be taken a step further by
showing (i) for terms relating to group G2 in (11.31) decomposition Service EP vs. Service A with:

G ... G R_ G RERL_ CE R G R
C,+C, '° C,+C, C? C,+C, Ce,+Cs, C+C, C;; C+C, Cg,
e O
c,+C, "** c+Cc, *

2 2 2 2 EP A EP EP A A
C 2 Cv x Rv _ Cv % 2 + RV,Z _ Cv,2 RV,Z Cv,2 Rv,z

\

C,+C, *TC+C, €I C+C, CE+CA C+C, CE C+C, ChA
EP A
:ciizzxﬁ'%c?li:fﬁz
to obtain:
EP A EP A
7=clc+loczXyé“Lcﬁlvczxyhclcjzcz 7°E':+clc+oyzczXy‘ﬁﬁclc:zcz><yVE’Z+clcﬁ:2Xy”é2
(11.34)
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The point is that this decomposition also corresponds to the one obtained by showing (ii) the

distinction between groups G1 vs. G2 in the terms relating to the EP service in the decomposition
(11.32) by making:

EP EP EP EP EP EP EP EP EP
CO x RO _ Co x R0|1 + RO,Z _ C:0,1 % RO,l + C:0,2 x RO,Z
- EP EP EP EP
C CEP CEP +CA C:0|1 +C0,2 CEP + CA CO,l CEP + CA CO,Z
CEP CEP
01 EP 0,2 EP
:C C ><7’0,1"'(: c XY0.2
ep Tla ep Tla
EP EP EP EP EP EP EP EP EP
Cv Rv _ Cv 1 + 2 Cv,l 1 Cv,z 2
C C® C.+C, CPiC® C.+C, C¥ C.+C, C®
v EP + A v,1 + v,2 EP + A v,1 EP + A v,2
CEP CEP
v,1 EP v,2 EP
=C C va,l+C C ><7/v,2
EP + A EP + A
to obtain:
CEP CEP CA CEP CEP CA
e e e e et e e e e e e et e e
EP+ A EP+ A EP+ A EP+ A EP+ A EP+ A

given that y,, = }/OEE, Vo1 = 7VE§, 7/0A = 7/(’:2, }/VA = ]/\fz and C,+C,=C_, +C, =C . See the 4 cells
coloured in yellow in Table 52, page 184.

Numerical example Returning to (11.34), we have:

0.992 = i(S)OS x0.611+ 286 x0.612+ ﬂ>< 0.643+ 7—'8>< 2.570+ ﬁ>< 2.395+ fo%x 5.279

100 100 100 100
=0.156+0.175+0.135+0.201+0.193+0.132

Literally:

. the marketing of captive consumption by Group 1 for the EP service contributes 15.6% of the
cost of the general service EP/EPA, with a self-financing ratio of 61.1%,

« the marketing of captive consumption by Group 2 contributes 17.5% of the cost of the general
service for the EP component, with a self-financing ratio of 61.2%, and 19.3% for the A
component, with a self-financing ratio of 64.4%,

- the marketing of the variable part of Group 1 consumption (for the EP service) contributes
20.1% of the cost of the general service EP/EPA, with a multiplier of 2.570,

- the marketing of the variable part of Group 2 consumption contributes 13.5% of the cost of
the general service for the EP component, with a multiplier of 2.395, and 13.2% for the A
component, with a multiplier of 5.279,

and there is a (small) deficit of 0.8% (as a proportion of the cost of the general service EP/EPA)
which is financed from other sources (necessarily). See Table 52, page 184
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B) Disaggregation of direct support Returning to the equation that breakdowns the coverage
rate of the general service:

B=R°+R": Co X&-I- CV « Rv =CF+CQOX]/O+C(Q_QO)><
C C,1C, C,+C, C, C,+C, C,+C,  C C

Yy

direct support is shown by:

1=CF +¢Q, X}/O+C(Q_QO)X}/V+M
C C C

_CF+cQ, x;/0+C(Q_Q0)><7/V+£
C C C

The —I1/C term breaks down as follows:

a_A-m_ & L, G T Goep S,
C, C

= X
c C(C+C, C+C, C C+C, C
ﬂZ_HEP_HA: Cer X_HEP+ Ca X_HA:CEPXSD +C—A><SD
c C,+C, C,+C, C, C,+C, C, C = c "

0P nfom cf ng ¢ ng cf

C CcF+CcP¥+Cch Cc Cc® cCc c¥ c c

EP EP A
= i XSDgp, + %X SDgp, + %X SDa4

(the notation "SD" for "Support Direct" in French) depending on whether disaggregating by
groups, by services or by groups and services is performed.

Numerical example See Table 53, page 190, where:

_333, ~0072)+ 2/
C 100 100
in the case of group decomposition (with SD, =-2.4% et SD, =+3.2% ; see the 2 cells coloured

red) and:

T_973 5012+ %x (-0.001) = 0.008— 0.0003 = 0.08

C 100
in the case of the breakdown by services (avec SD, =+0.8% et SD, =-0.03% ; see the 2 cells
coloured green) and :

333, (Coo72)+ 222, 0.094+%x(—0.001) —-0.024+0.032—0.0003 = 0.08

C 100
in the case of the breakdown by groups and services (with SD,; =-2.4%, SD,, =+3.2% and
SD,, =-0.03% ; see the 3 cells coloured yellow). Literally:

x0.048 =-0.024+0.032=0.08
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Table 53 : Breakdown of direct support by groups, factors, and groups and factors -- Summary tables

Service Cost

EP Direct Support A Direct Support EP EPA Direct Support
Group 1 1874 686.48 € -134 647.68 € 1874 686.48 € -134 647.68 €
Group 2 1924915.97 € 180917.47 € 1826749.43 € -1407.56 € 3751665.40 € 179509.91 €
All 379960245 € 46 269.79 € 1826749.43 € -1407.56 € 5626351.88€ 44 862.23 £
Cost share matrix (Weights)

Total EP Total A Total EP / EPA

Group 1 0.333 ok k 0.333
Group 2 0.342 0.325 0.667
All 0.675 0.325 1.000
Coverage rate matrix

EP Direct Support A Direct Support EP EPA Direct Support
Group 1 1.072 -0.072 ok *Ex 1.072 -0.072
Group 2 0.906 0.094 1.001 -0.001 0.952 0.048
All 0.988 0.012 1.001 -0.001 0.992 0.008
Contribution matrix

EP Direct Support A Direct Support EP EPA Direct Support
Group 1 0.357 -0.024 Hokk ok ok 0.357
Group 2 0.310 0.032 0.325 -0.00025 0.635
All 0.667 0.008 0.325 -0.00025 0.992 0.008
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(1) Breakdown by group - Taking into account other categories of expenditure and revenue:

« households in group 1 are marked up on their EP consumption and households in group 2 are
subsidised on their EPA consumption;

- The margins achieved on households in group G1, linked to the marketing of the EP service,
contribute 2.4% to the financing of the general service with a mark-up of 7.2%;

- subsidies paid to households in group G2, linked to the marketing of the EPA service, represent
3.2% of the cost of the general service with a support rate of 4.8%;

- the cross-subsidy system is (in this case) slightly unbalanced, with a delta of —2.4+3.2=0.8%
in the cost of the general service,

which feeds a deficit of the same amount (in percentage points) for the financing of the general
service, which is then financed by other sources (necessarily).

(2) Breakdown by services - Taking into account other categories of expenditure and revenue:

. direct support for the EP service is performed, with a support rate of 1.2% (of the cost of the
EP service, in relation to the other categories of expenditure and revenue), which accounts for
0.8% of the cost of the (general) service;

. direct taxation is levied on service A, with a contribution rate of 0.1% (of the cost of service A,
linked to the other categories of expenditure and revenue), which represents 0.03% of the
cost of the (general) service;

and the mass of subsidies (on EP service) being here greater than the mass of contributions (on
the A service):

. a slight deficit for the general service, 0.008+(—0.0003) =0.77% of the cost of the general

service, is recorded with a loss-making on EP service (0.8% of the total cost) and an A service
that is (almost) in balance (the margin generated on the A represents 0.03% of the total cost).

This (small) deficit is then (necessarily) financed by other sources.

(3) Breakdown by group and service - Taking into account other categories of expenditure and
revenue:

- Householdsin Group 1 are ultimately margined on their consumption, with a mark-up of 7.2%,
and contribute 2.4% to the financing of the general service via these margins;

. Households in group G2 are ultimately (i) subsidised on the provision of the EP service with a
support rate of 9.4% for a (total) amount representing 3.2% of the cost of the general service,
(ii) margined on the provision of service A, with a mark-up of 1 per 1000 and contribute via
these margins to the financing of the general service up to 0.025%, (iii) subsidised on the EPA
service with a support rate of 4.8% for a (total) amount representing 3.2% of the cost of the
(general) service.

As the margins generated on households in group G1, linked to the marketing of the EP service
alone, are lower than the subsidies paid in fine to households in group G2, via the marketing of
the EPA service, the result is a financing requirement, amounting to —2.4+3.2—-0.025=0.8% of
the cost of the general service, which is then covered by other sources of financing (necessarily).
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C) Additional disaggregation of relationships (11.27) & (11.29) Using similar calculations, one
gets (without additional difficulty) the disaggregation by groups (G1 vs. G2), by services (EP vs.
A), and by groups and services (G1-EP, G2-EP, G2) of relationships (11.27) and (11.29). We get:
(1) As regards the term %XJ_/ relating to (probable) basic support :

a) Disaggregation by groups (G1 vs. G2) :

C
(9)x7/=&x7/ +&x7/
C(Q) = ¢ = ¢Cc =2
R
with 7_/1=%andzz=6—2;
~1 =2

b) Disaggregation by Services (EP vs. A):

C
Q) Co, G,
C(Q) - C = c =
R R
with == and =_—A;
ZEP QEP ZA QA

c) Disaggregation by Groups and Services (EP-G1, EP-G2 and A-G2) :

C EP EP A
Q) _cf o, o,
C(Q) = Cc =t cC = Cc =2
EP EP A
. EP_Bl EP_BZ A_Bg
with 7, _f' 7, _C_I_ZEP and 7, —Q—?.

(2) As regards the term relating to captive but non-basic consumption:

a) Disaggregation by groups (G1 vs. G2) :

C<QO_Q) Coi—C Co. -G,
= X7Fixe :,—_xyixe +,—_x7ixe

C(Q) Fixe_HB C(Q) Fixe_HB,1 C(Q) Fixe_HB,2

. Ros—R Ro.—R
With 7eie gy = Coi _C, and Yeye pp2 = ﬁ;
b) Disaggregation by Services (EP vs. A):
CEP(QO_Q)"'CA(QOA_QA)X}/ =C0EP_QEPXyEp +C(¢_QAX}/A

C (Q) Fixe_HB C (Q) Fixe_HB C (Q) Fixe_HB
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REP Rer ROA -R
with —2__—F? and =0 —EF.
7F|xe HB = CEP C.. 7F|xe HB CSA _C,
c) Disaggregation by Groups and Services (EP-G1, EP-G2 and A-G2)
Cer (Q0 —Q)+C4 (QF —Qu) c-cl ce - cA,-C?
EP\<0 X A\X0 XA X Ve _ Jo1 <P EP i 0,2~ XEP X]/EP n 0,2 ><7/
C (Q) Fixe_HB C (Q) Fixe_HB,1 C (Q) Fixe_HB,2 C (Q) Fixe_HB,2
EP EP EP _ pEP A pA
R01 R o - R and j/lfi\xe HB2 — R(f&z Bzz )
- G, —Ca

with 7|=|xe HB.1 = m VFixe HB2 = COE; —Qép

(3) As regards the term relating to the economic part of consumption excluding

overconsumptions:

a) Disaggregation by groups (G1 vs. G2) :

A A

Cep (szjl_ - Qo ) +C, (szl - Qo ) y }/Kzl _ Cep (szl,l - QO,l) » }/,{:1 + Cepa (Qx=1,2 - Qo,z ) 9 }/Kzl

- 1 2
C(Q) ' C(Q) '

c(Q) “
) R01 d }/\;«;1_ 2 _Ro,z

K= 2
with Cgp +Cp =Cppp, Vg = = : ;
Cep (QK:1,1 - QO,l) Cepa (szl,z - Qo,z)

b) Disaggregation by Services (EP vs. A):

Yo % (Qa=Q)
V c(Q)

Ca (Q:=1 - Q('JA ) =1

x7v L a——
EP C(Q) A

A _RO,A

K=1
with QK'=1,2 = Q,le, y\f:l :LRO'EP and ]/K;l = A :
LEP CEP (QK‘:l - QO) v C(QK:].,Z — QO,Z )

Cep (Qx=1 _Qo ) +Ca (Q:\ﬂ _Q(')A) o
c(Q)

) Disaggregation by Groups and Services (EP-G1, EP-G2 and A-G2)

Cep (szl —QO) +Cy (Q:\:l B QE)A) )yl Cep (QK=1,1 - QO,l) )yt
v C (Q) V.EPL

C(Q)
Ce (Q =1,2 Qoz) =1
+ C(Q) Vv ErL
e (Qh-Q0)
C(Q) V,A,2

=1,EP 1 _1 EP —lA
§ B RO,EP k=1 B Ro EP K=l _ Ro A

and Yya2 = .

(Qx=1,2 - Qo,z )

h k=1 1 , =
with 7, g1 = Cer (Q,(:m —Qo,l) VEP2 p (Q,(=1,2 _Q0,2)
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(4) As regards the term relating to over-consumption (linked to tariff misperception) :

a) Disaggregation by groups (G1 vs. G2) :

CEP (QK:KU - QK:1) + CA (Q::KD - Q::l) y _ CEP (QK:KO 1 QK:1,1) v " CEPA (QK:KO,z - QK:1,2) y
C (Q) }/SUTCO C (Q) }/SUTCO,l C (Q) ySUI‘CO,Z
i -RE 2 =R

With 7/surco,1 = ) and 7surco,2 =

Cep (Q,(:l,l Q. Cepn (QK:1,2 - Qo,z) ;

b) Disaggregation by Services (EP vs. A):

Cep (QK:K'O - szl) +C, (Q:‘:Ko 17 Q,f;l) B Cep (QK:KD _ szl) . . (Q:‘:Ko _ Q;:«:l) )
C(Q) XV surco = C(Q) X Vsurco T C(Q) XYoo
with: }/EP = KE’SO B K;’ R\f:"o _ R\:c:l

. .
) and Yo = Ch (Q’i’(0 —Q;il) ;

CEP (QK=K0 - QK=1
c) Disaggregation by Groups and Services (EP-G1, EP-G2 and A-G2) :

Cep (Qx:xo - Qx:l) TCa (Q,ixo 17 Q?:l) « _ Cep (Qx:x’o 1 Qx'=l,l) o 7 EP
C (Q) ysurco C (Q) 7surco,1

(e Qe) o
C(Q) |

A A
Ca (Qx=z<0 2 QK=1,2 ) A

+ C (Q) X 7surco,2
with:
k=r9,EP _ px=1EP RK’=K0,EP _ pK=LEP K=kg,A _ p&x=LA
EP 1 1 EP v,2 2 v,2 2
7surco,1 - surco,2

and }/SAUI‘CO,Z = A A :
Cep (QK:KO 17 QK:l,l) Cep (Qx:xo,z - szl,z) Ca (szxo,z - QK:1,2)
These different contributions and their breakdowns are then displayed in specific tables, in
addition to the breakdowns of direct support (by Groups (G1 vs. G2), by Services (EP vs. A) and

by Groups and Services (EP-G1, EP-G2 and A-G2)) given above.

See the set of tables "Table 54" for an illustration.
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EP Fixed part Variable part

Basic Captive non basic | PP Economic part | Overcomsumption Total Direct support
Group 1 1364962.36 € 69 131.58 € 381585.69 € 59006.85 € 1874 686.48 € -134647.68 €
Group 2 1546422.65 € 61050.69 € 276 631.61 € 40811.03 € 192491597 € 180917.47 €
All 2911385.02€ 130182.26 € 658217.29 € 99817.88 € 3799 602.45 € 46269.79 €
A Fixed part Variable part

Basic Captive non basic | PP Economic part | Overcomsumption Total Direct support
Group 1
Group 2 1658530.17 € 27 133.64 € 122 947.38 € 18138.23 € 182674943 € -1407.56 €
All 1658530.17 € 27 133.64 € 122 947.38 € 18 138.23 € 182674943 € -1407.56 €
Consolidated Fixed part Variable part

Basic Captive non basic | PP Economic part | Overcomsumption Total Direct support
Group 1 1364962.36 € 69 131.58 € 381 585.69 € 59 006.85 € 1874 686.48 € -134 647.68 €
Group 2 3204952.83€ 88184.33 € 399 578.99 € 58949.26 € 3751665.40€ 179509.91 €
All 4 569915.19 € 157 315.90 € 781 164.67 € 117 956.11 € 5626351.88 € 44 862.23 €
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Cost share matrix (weights)
EP Fixed part Variable part
Basic Captive non basic | PP Economic part | Overcomsumption Total Direct support
Group 1 0.243 0.012 0.068 0.010 0.333
Group 2 0.275 0.011 0.049 0.007 0.342
All 0.517 0.023 0.117 0.018 0.675
A Fixed part Variable part
Basic Captive non basic | PP Economic part | Overcomsumption Total Direct support
Group 1
Group 2 0.295 0.005 0.022 0.003 0.325
All 0.295 0.005 0.022 0.003 0.325
Consolidated Fixed part Variable part
Basic Captive non basic | PP Economic part | Overcomsumption Total Direct support
Group 1 0.243 0.012 0.068 0.010 0.333
Group 2 0.570 0.016 0.071 0.010 0.667
All 0.812 0.028 0.139 0.021 1.000
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Coverage rate matrix
EP Fixed part Variable part
Basic Captive non basic | PP Economic part | Overcomsumption Total Direct support
Group 1 0.552 1.777 2.470 3.218 1.072 -0.072
Group 2 0.562 1.880 2.326 2.863 0.906 0.094
All 0.557 1.825 2.410 3.073 0.988 0.012
A Fixed part Variable part
Basic Captive non basic | PP Economic part | Overcomsumption Total Direct support
Group 1
Group 2 0.572 4.934 5.247 5.495 1.001 -0.001
All 0.572 4.934 5.247 5.495 1.001 -0.001
Consolidated Fixed part Variable part
Basic Captive non basic | PP Economic part | Overcomsumption Total Direct support
Group 1 0.552 1.777 2.470 3.218 1.072 -0.072
Group 2 0.567 2.819 3.225 3.673 0.952 0.048
All 0.563 2.361 2.856 3.446 0.992 0.008
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Contribution matrix
EP Fixed part Variable part
Basic Captive non basic | PP Economic part | Overcomsumption Total Direct support
Group 1 0.134 0.022 0.168 0.034 0.357 -0.024
Group 2 0.154 0.020 0.114 0.021 0.310 0.032
All 0.288 0.042 0.282 0.055 0.667 0.008
A Fixed part Variable part
Basic Captive non basic | PP Economic part | Overcomsumption Total Direct support
Group 1
Group 2 0.169 0.024 0.115 0.018 0.325 -0.0003
All 0.169 0.024 0.115 0.018 0.325 -0.0003
Consolidated Fixed part Variable part
Basic Captive non basic | PP Economic part | Overcomsumption Total Direct support
Group 1 0.134 0.022 0.168 0.034 0.357 -0.024
Group 2 0.323 0.044 0.229 0.038 0.635 0.0319
All 0.457 0.066 0.397 0.072 0.992 0.0080
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11.2.3 Basic service funding

The aim here is to identify (and quantify) the sources of funding for the Basic Service (which is
presumably subsidised by the other components of demand). To this end, one proceeds as
follows.

(1) One starts with the accounting identity :

1:CF+C9><Z+C(Q°_9) ¢(Qui—Q) u C(QK=,<0—QK=1) —I1

C(Q) C(Q) ><yFixe_HB-’_nyv + C(Q) Xysurco+m

showing (potential) direct support (in the event of an operating deficit [I=R—-C <0), next

(2) We have:
_ﬂx _ _C(QO_Q)X _ C(szl_QO)x Kl _
C(Q) (Z 1)_ C(Q) (7Fixe_HB 1)+ C(Q) (v 1)
C(QK=K0 _QK=1) 3 —I1
+ C(Q) (7/surco 1)+C(Q)
and:
1:7+C(QO_9)X(;/. _1)+C(QK=1_Q0)X(7/K_1_1)+C(cho _QK=1)X(7/ _1)+£
7 9 Fixe_HB (_: v c_: surco Q
(11.35)

with C=C ((_Q) =CF +¢Q the cost to the general service EP/EPA of providing the basic service.
This equation breaks down the funding of the basic service into its various components:
(1) self-financing,

(2) the captive but non-basic part of consumption (by default, the uses of water for garden and
swimming pool maintenance),

(3) the so-called "economic" part of demand, excluding excess consumption,
(4) over-consumption (due to poor perception of the tariff)

and :
(5) (Potential) direct support (calculated by balance).

The contributions (expressed in percentage points; see below) of funding sources (2), (3) and (4)
can then themselves be broken down ex post as the product of a volume effect (in fact, the
equivalent of a volume) multiplied by an average margin rate, linked to the characteristics of
demand, pricing policy and service cost.
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Table 55 : Breakdown of basic service funding (in General Population)
Contributions
Sel-financing . . . In percentage -
(%) Support Funding sources Margin rate Ratio u.s.e. points % in %
Basic service 56.3 43.7 Non basic captive part 1.361 0.0344 4.7 10.7
PPQ(x=1) 1.856 0.1709 31.7 72.6
Overconsumptions 2.446 0.0258 6.3 14.4
Direct support 1.0 2.2
Total 43.7 100.0
linked to Table 46 that writtes:
Fixed Part Variable part
n Mean Mass Mean Mass Mean Mass Mean Mass Mean Mass
47847 Basic Consumption Non basic C?ptlve PP Economic Part Overconsumption
Consumption
Revenue 53.76 2572411.44 7.76 371433.87 46.63 2231219.78 8.49 406424.55 116.65 5581489.65
Cost 95.51 4569915.19 3.29 157315.90 16.33 781164.67 247 117956.11 117.59 5626351.88
Net margin -41.75 -1997503.75 4.48 214117.97 30.31 1450055.11 6.03 288468.44 -0.94 -44862.23
Coverage rate 0.563 2.361 2.856 3.446 0.992
Cost shares
Contribution Sum
Breakdown 0.812 0.457 0.028 0.066 0.139 0.397 0.02 0.072 0.992
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Numerical example See Table 55 (derived from the data of Table 46, page 176). The latter
displays the following breakdown:

—(0.992-1
120563+ 2928, (2361-1)+ 2139, (2 856 1)+ 002, (3.446 1)+ (29927Y)
0.812 0.812 0.812 0.812
:0.563+i><1.361+@><1.856+i><2.446+i
29 812 406 203

=0.563+0.047 +0.318+0.006 +0.009

Next:

. Coverage rates greater than unity indicate a source of funding for consumption components
whose coverage rate is less than unity.

With regard to the values obtained, the data show :

. for every euro invested in the provision of basic service (consisting of the access to the
network and basic consumption), 0.563 euros will be recovered in terms of direct revenue
from the marketing of the basic service,

i.e. 56.3% of basic service provision is self-financed, with the balance 1-0.563=0.437 =43.7%
that is financed by the marketing of other production components and, where applicable, direct
support®®. The following observations can then be made:

» production linked to captive but non-basic consumption finances the provision of the basic
service up to 4.7 percentage points,

. excluding over-consumption, production linked to the variable part of consumption finances
the provision of the basic service up to 31.7 percentage points,

. the contributions (to the funding of basic service) of overconsumption and direct support
(operating deficit) are rather weak (less than 1 percentage point).

These contributions in percentage points can be reformulated as % of the loss on basic
consumption (see the last column of Table 55) with the following observations:

+5=10.7% of the Operator's deficit for the provision of the basic service is financed by the

production linked to the satisfaction of captive but non basic consumption, that is here the
water uses for garden maitenance and swimming pool maintenance,

. AL =T725% of the Operator's deficit for the provision of the basic service is financed by the

economic component of consumption excluding overconsumption,

. 22=14% of the Operator's deficit for the provision of the basic service is financed by

overconsumption linked to tariff misperception;

and direct support (deficit) accounts for %=2.1% of the Operator deficit linked to the

provision of the basic service.

48 This interpretation because the basic service is the only component of consumption for which the coverage rate
is less than one.
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Next, these contributions can be broken down as the product of a volume (in fact, the equivalent
of a volume) multiplied by a margin rate. Thus, if focus is on the variable part of consumption
excluding over-consumption, the contribution (to the financing of basic service) of the production
linked to meet this type of consumption breaks down as follows:

0.318 =—C(Q'fé)_c° x(r-1)

—1_Qo ZT( ) T(q‘)'i)_l
CF+c><9 cx(Qu—Qy)

139 (2.856-1)=0.171x1.856
812

The secund factor:

G 2 T(E)-T (o)

A T .
1 [ 2T(0) T (%)
R
=2.856-1=1.856

is linked to the margin (average, per unit of service) generated by the production of a cubic metre
intended to satisfy the economic needs, excluding over-consumption, of a household. More
specifically:

« Excluding over-consumption, the production of a cubic metre to satisfy "economic" uses costs
C euros and generates a margin of 2.856xc—c =1.856xC euros (on average), which is then
allocated to financing the provision of the basic service;

or, equivalently:

« Excluding over-consumption, the production of one cubic metre to satisfy "economic" uses
produces (on average) a surplus of 2.856-1=1.856 cubic metre which can be allocated to
basic service supply.

At the same time,
. the characteristics of the tariff and the characteristics of demand generate economic

consumption, excluding overconsumption, of Q,__, —Q, cubic metres,

and therefore:
- aproduction of (Q,,—Q;)x(2.856-1)=(Q,_; —Q,)*1.856 cubic metre that can be allocated
to basic service supply.

Besides, the provision of basic service (which includes the access to the network) for a population
of n household customers costs:
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C((_Q):CF +c><(_g euros

that is the equivalent of:

C (Q)x1 =(cF +cQ)><1 = C—F+Q service units (cubic metres)
c ="¢ ¢ =

In this regard, the proportion of production, in cubic metre equivalent (service units), for the
basic service supply which is covered by the part of production for the economic needs of
households, excluding overconsumption, sets to :

Qu:l —% 0318 5 171-17.19%
CF,o 1856
c %

what corresponds to the value of the first factor. Similar reasoning leads to the following
conclusions:

- non-basic captive consumption, that is water uses related to garden maintenance and
swimming pool maintenance, which initially represented 3.5% of production intended for the
supply of the basic service, in cubic metre equivalents, ultimately contributed 4.7% of production
intended for basic service supply, in cubic metre equivalents, with a margin rate, linked to the
marketing of these units, of 2.361-1=1.361 ;

- overconsumption, linked to tariff misperception, which initially represented 2.5% of the
production intended basic service supply, in cubic metre equivalents, ultimately contributed to
0.6% of the production intended for basic service supply, in cubic metre equivalents, with a
margin rate, linked to the marketing of these units, of 3.446—-1=2.446.

Lastly, other sources related to direct support ultimately account for 0.9%, in cubic metre
equivalents, of the production used to basic service supply.

Decomposition Similar to general service funding, the relationship which identifies and
guantifies the sources of financing for basic service can be disaggregated by group, by service
and by group and service. See:

. equation (11.36), on next page, and Table 56 (numerical example), page 205, for group
desagregation (G1 vs. G2) ;

- equation (11.37), on next page, and Table 57 (numerical example), page 206, for Service
desagregation (EP vs. A) ;

. equation (11.38), on next page, and Table 58 (numerical example), page 207, for Group and
Service disaggregation (EP-G1, EP-and A-G2)

and Appendix 8 for the derivation of these accounting relationships.
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Group desagregation (G1 vs. G2) :

1:&><Z1+&><Z2

@ C
N Co’lc_:_ G (Zhere —1)+ % X(7#ers =1
+%x( ;;1—1)+@><(7$?—1)
G, S L

c ¢ ¢ G

Service desagregation (EP vs. A) :

C C
1:——EP><ZEP++—?A><ZA

C
Coer—C C,a—C

+ OVEPQ — X(j/FEize_HB _1)+ OVAQ = X(ylfi‘xe_HB _1)
Cie-C Crl-C

+ v,EPQ 0EP X(?’\;(,Elp _1)+ vA . 0.A x(}/\;(;l _1)

K=K k=1 K=K k=1
Cv,EP0 B CV,EP EP Cv,A L= Cv,A
+ ><(ysurco _1)+
C C

Ce Mg C, -T1,

W LTEP L ZA

C G C C,

X(J/sﬁrco _1)

+

Group and Service desagrégation (EP-G1, EP-G2 et EA-G2) :

C! c? Ci
L= + ST +
Cl _Cl C2 _CZ
+—0'EPC == X(7I=Eiz;a1_HB _1)"' O’EPC == X(}/FEizf_HB _1)+

EP,x=1 1
Cv,l - CO,EP

c x(y\flp'Kzl —1)+

EP,x=1 2
Cv,2 - CO,EP

C X(}/v,z

cgr - cg e e
C C

R o e 1

C G C G C C,

surco

% (yEP,l _1) +
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(11.36)

(11.37)

A2

X (}/Fixe_HB _1)

A=l 2
)+ Cv,z _CO,A

o -y

A k=K A, k=1
Cv,Z - CV,Z

)=

x (7;:5:0 _1)

(11.38)
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Table 56 : Groups Disaggregation of basic service funding
Weight
Captive part Variable part
Basic Captive non basic PP Economic part | Overcomsumption Direct support Total
G1 0.2987 0.0151 0.0835 0.0129 0.2987
G2 0.7013 0.0193 0.0874 0.0129 0.7013
All
Self-financing / Margin rate / Direct support
Captive part Variable part
Basic Captive non basic PP Economic part | Overcomsumption Direct support Total
Gl 0.552 0.777 1.470 2.218 -0.099
G2 0.567 1.819 2.225 2.673 0.056
All
Contributions (in percentage points)
Captive part Variable part
Basic Captive non basic | PP Economic part | Overcomsumption Direct support Total
G1 16.5 1.2 12.3 2.9 -2.9
G2 39.8 3.5 19.5 3.4 3.9
All
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Table 57 : Services Disaggregation of basic service funding
Weight
Captive part Variable part
Basic Captive non basic PP Economic part | Overcomsumption Direct support Total
EP 0.6371 0.0285 0.1440 0.0218 0.6371
A 0.3629 0.0059 0.0269 0.0040 0.3629
Ensemble
Self-financing / Margin rate / Direct support
Captive part Variable part
Basic Captive non basic PP Economic part | Overcomsumption Direct support Total
EP 0.557 0.825 1.410 2.073 0.016
A 0.572 3.934 4.247 4.495 -0.001
Ensemble
Contributions (en percentage points)
Captive part Variable part
Basic Captive non basic PP Economic part | Overcomsumption Direct support Total
EP 35.5 2.3 20.3 4.5 1.0
A 20.8 2.3 114 1.8 0.0
Ensemble
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Table 58 : Groups & Services Disaggregation of basic service funding

ATER

Weight EP service A service
Captive part Variable part Captive part Variable part
. Captive | PP Economic Direct . Captive PP Economic Direct
Basic . Overcons. Basic . Overcons.
non basic part Support non basic part Support
Group 1 0.2987 0.0151 0.0835 0.0129 0.2987
Group 2 0.3384 0.0134 0.0605 0.0089 0.3384 0.3629 0.0059 0.0269 0.0040 0.3629
Self-financing / Margin rate / Direct support
EP service A service
Captive part Variable part Captive part Variable part
. Captive | PP Economic Direct . Captive | PP Economic Direct
Basic . Overcons. Basic . Overcons.
non basic part Support non basic part Support
Group 1 0.552 0.777 1.470 2.218 -0.099
Group 2 0.562 0.880 1.326 1.863 0.117 0.572 3.934 4.247 4.495
Contributions (en percentage points)
EP service A service
Captive part Variable part Captive part Variable part
. Captive | PP Economic Direct . Captive | PP Economic Direct
Basic . Overcons. Basic . Overcons.
non basic part Support non basic part Support
Group 1 16.5 1.2 12.3 2.9 -2.9
Group 2 19.0 1.2 8.0 1.7 4.0 20.8 2.3 11.4 1.8 0.0
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11.3 Gross subsidies and gross "taxes"

The analysis of the "financing structure" aspects concludes with an examination of the gross
subsidies and gross taxes (in fact, the contributions to service funding) generated by the IBT
(which is tested/assessed by the user), in relation to the cost to the service of the household
subscriber's consumption.

11.3.1 Data processing - reminder

As previously explained, an Incrasing Block Tariff of the social incentive type sets subsidies on,
presumably, the access fee and the first consumption blocks, so as to support the affordability of
the service, and taxation on the higher consumption blocks in order, on the one hand, to induce
large consumers to reduce their consumption and, on the other hand, to balance the service
funding (and meet the "water pays for water" principle). In so doing, it generates a system of
cross-subsidies with net effects including VAT, the extent of which was measured in section IX.
The aim now is to describe and characterize the impacts of this system from the point of view of
its gross effects on the service funding (borne by the Operator), i.e. excluding VAT and
environmental charges.

For this purpose, it is calculated for each household in the Population module :

(1) the difference between the amount of the subscription (characteristic of the IBT which is
tested/assessed by the user) and the amount of the fixed costs per domestic subscriber (which
also corresponds to the level of TBSE subscription which would be collected by the operator):

CF
Co=F-—— (11.39)
n
This variable is then positive in the (unlikely) case of a tax on the Access Fee and negative in the
(more likely) case of a subsidy on the Access Fee. For the purposes of the analysis, the two

following truncated variables (in addition to this variable C,;) are calculated:

F-SF i pxCE
n n
Co= max{o, F —E} = (11.40)
n
0 if F<E
n
e r<EE
n n
Co :—min{o, F —E} = (11.42)
n
0 if F>£
n

The first truncated variable gives the amount of the margin on the Access Fee when there is a
charge on the Access Fee and 0 otherwise; the secund truncated variable gives the amount of
the subsidy on the Access Fee when there is a subsidy on the Acces Fee and 0 otherwise. It should
be noted that these truncated variables are calculated for the EP service, the A service (when
households are connected to the sewerage network) and for the consolidated EP / EPA service,
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with households in group 1 (not connected to the sewerage network) being assigned the values
of these variables for the EP service only and households in group 2 (connected to the sewerage
network) being assigned the values of these variables for the EPA service.

After breaking down the household's consumption into the sum of its consumption in block 1, its
consumption in block 2, its consumption in block 3 ...4° :

¢ if g <k

o =min[q;. k] =
k if g >k

0 if g <k
of =min| k, —k,,max[q, —k,,0]|=4q, -k if k <q, <k,
k,—k, if q >k,
0 if g <k,
g’ =min[ k, —k,,max[q, —k,,0]]=1q, -k, if k,<q <k,
k,—k, if g >k,

the 3x p following variables are calculated for each household in the Population module:

c;=(z;—c)q’ (11.42)
(z,-c)o) if (z;-c)a/>0
c = max[(zrj —c)qi",o]: (11.43)
0 if (7,-c)g’ <0
(c-z;)a’ if (z;-c)g’ <0
Ci | =—min[(ﬂ,- —C)qij,0}= (11.44)
0 if (7,-c)g’ >0

for j varying from 1 to p, with p the number of consumption blocks of the IBT that is
tested/evaluated by the user. To be concrete:

- the variable C;; = (72'1 —c)qil gives the amount of the subsidy/tax (in fact, the amount of the

transfer between the operator and household i) which is implemented by the IBT on the
consumption of block 1 of household i,

49 1t should be noted that, with this formulation, a household located in block 1 has conditional demand in block 2
and above equal to 0, a household located in block 3 has conditional demand in block 3 and above equal to 0, and
so on.
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. the variable C; gives the amount of the margin (and the contribution to service funding)

levied by the operator on the consumption of block 1 (equal to 0 when block 1 units are
subsidised) of household J,

- the variable C;; gives the amount of the subsidy received by household i (and granted by the
operator) on its block 1 consumption (equal to 0 when block 1 units are "taxed" (marked up)),

and similarly?°:

- thevariable C;, = (7{2 —C)qi2 gives the amount of the subsidy/tax (in fact, the amount of the
transfer between the operator and household i) which is implemented by the IBT on
household i's consumption of block 2, the variable C;, the amount of the margin (and the

contribution to service funding) which is levied by the operator on household i's consumption
of block 2 (equal to 0 when the block 2 units are subsidised and/or when the household's

consumption of block 2 is zero), the variable C, the amount of the subsidy received by

household i (and granted by the operator) on its consumption of block 2 (equal to 0 when
block 2 units are "taxed" (marked up) and/or when household i's consumption of block 2 is
zero),

- thevariable C; ; = (773 —c)qf gives the amount of the subsidy/tax (in fact, the amount of the
transfer between the operator and household i) which is implemented by the IBT on
household i's consumption of block 3, the variable Ci+3 the amount of the margin (and the

contribution to service funding) which is levied by the operator on household i's consumption
of block 3 (equal to 0 when the units of block 3 are subsidised and/or when the household's

consumption of block 3 is zero), the variable C;; the amount of the subsidy received by

household i (and granted by the operator) on its consumption of block 3 (equal to 0 when the
block 3 units are "taxed" (marked up) and/or when the household's consumption of block 3 is
zero),

etc.

As with Acces Fee, these variables are calculated:

. for the EP service,

. for the A service (when households are connected to the sewerage network),
. for the consolidated service EP / EPA,

with, in the latter case, households in Group 1 (not connected to the sewerage network) being
assigned the values of these variables for the EP service only, and households in Group 2
(connected to the sewerage network) being assigned the values of these variables for the EPA
service.

Once this information made available (and stored in the Invoices Module), the tool finalises this
data processing with:

0 modulo the fact that consumption in block 2, in block 3 .. by households located in block 1 is zero, consumption in
block 3 ... by households located in block 2 is zero, and so on.
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(1) calculation of the total (gross) subsidies received by household i on its consumption :
p

S, =Cp+Co+Cyt...=D.C; (11.45)
j=1

also designed as Subsidy "DAE" (for "Droit d'Acces Exclu");

(2) calculation of the total (gross) subsidies received by household i on the Acces Fee and its
consumption:

S$=Cjp+Cy+Cpp +Cg+... = Cp +5, (11.46)
also designed as Subsidy "DAI" (for "Droit d'Accés Inclu");

(3) the total of "taxes" (in fact, gross contributions to service funding) paid on its consumption by
household i :

p
t,=CL+Cy+Cy+...= ) ¢ (11.47)
j=1

also designed as Contribution (to service funding) "DAE" (for "Droit d’Accés Exclu") ;

(4) the total of "taxes" (in fact, gross contributions to the service funding) paid by household i for
the Acces Fee and its consumption:

t=Cjp +Cy +C +C5 +... = Cy +1, (11.48)
also designed as Contribution (to service funding) "DAI" (for "Droit d’Acces Inclu") ;
for the EP service, the A service and the EP/EPA service (in turn).

It should be noted that, in terms of data presentation, the value of the variable C;, is most often

shown, which should then be interpreted as giving the amount of the subsidy on the Acces Fee
when negative (the most likely case), and the amount of the tax (margin) on the Access Fee when
positive. Besides, the values in question here are exclusive of taxes and environmental charges,
so that focus is on the system of subsidies/taxations carried out by the Operator with the
definition of its pricing policy (for the EP service and A service). However, this treatment is also
applied to the amounts of VAT (which are collected by the Operator for the benefit of the State),
because the VAT mechanism implements also a system of subsidies/taxations on State's side,
with the introduction of the IBT, but not for the environmental charges (levied by the Water
Agency) because excise duty mechanism means that the Water Agency's contribution to the
system of subsidies/taxes generated by the Operator (with the introduction of the IBT) is
(identically) zero. Finally, in order to facilitate reading, the data on gross subsidies can be
presented in negative (this convention because it constitutes an outgoing cash flow for the
Operator).
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11.3.2 Initial Findings— Descriptive Statistics
Once the data has been processed, the tool (as for the other fields of analysis) begins by providing
basic descriptive statistics for the general EP / EPA service, with :
(1) on the gross subsidies side :

- the percentage of beneficiaries on Acces Fee, the percentage of "DAE" beneficiaries, the
percentage of "DAI" beneficiaries,

. the average of the (gross) subsidies granted on the Access Fee, the average of the (gross)
subsidies granted on consumption, the average of the subsidies granted in fine to the
household (adding the subisidies granted on the Acces Fee and on the consumption) ...

. the variance of subsidies granted on the Access Fee ...

etc. (see Table 59, page 214; the 3 variables of interest are the amount of the subsidy on the
Access Fee, the amount of the subsidy on consumption (or "DAE") and the amount of the subsidy
"DAI" that is ultimately paid to the household) and,

(2) concerning the gross margin side :

. the percentage of contributors on Access Fee, the percentage of "DAE" contributors, the
percentage of "DAI" contributors,

. the average of the "taxes" (margins) that are levied on the Access Fee, on consumption
("DAE"), on the household ("DAI") ...

. the variance of the "taxes" (margins) that are levied (realised) on the Access Fee ...

etc. (see Table 60, page 215; the 3 variables of interest are the amount of the tax (margin) on
the Access Fee, the amount of the tax (margin) on consumption (or "DAE") and the amount of
the tax (margin) which is ultimately levied on the household (or "DAI"). Besides,

(3) these figures are calculated:
. for the population of the domestic customer as a whole

and also (where it makes sense):
. on the sub-population of beneficiaries alone for the Subsidy component,
. on the sub-population of taxpayers alone for the "Taxation" component.
The following points should be borne in mind.

(1) Firstly, because these statistics are calculated (initially) for the general EP / EPA service, not
all households benefit from the same treatment with regard to the Access Fee.

In particular, and in the (most likely) case where the EP tariff and the A tariff both subsidise the
Access Fee, a household connected to the sewerage network (member of Group 2) benefits from
a higher subsidy on the Access Fee compared to the one granted to a household that is not
connected to the sewerage network (member of Group 1). For this reason, (i) the average
calculated and displayed by the tool differs from the amounts of subsidies paid on the Access Fee
by the EP tariff and the EPA tariff with, therefore, (ii) a standard deviation (and a Gini index) that
is not equal to 0.
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(2) Secondly, because one deals here with gross subsidies, the percentage of DAl beneficiaries is
automatically equal to the percentage of beneficiaries on the Access Fee, with a 100% value when
EP tariff and A tariff subsidise both the Access Fee. Similarly, the percentage of DAE beneficiaries
is automatically equal to 100% when EP tariff and A tariff both subsidise some consumption units.

In practice, however, it may happen that the tariff implemented by the operator subsidises the
Access Fee and taxes all the units consumed, starting with block 1. In such a case, the tool will
display the values 100, 0 and 100 for, successively, the percentage of beneficiaries on the Access
Fee, the percentage of DAE beneficiaries and the percentage of DAl beneficiaries (100% of
households are subsidised on the Access Fee, 0% of households are subsidised on their
consumption and 100% of households receive some subsidies). Besides, and even though they
are unlikely, the operator may charge the Access Fee and subsidising all consumption units. In
such cases, the tool will display the values O for the percentage of beneficiaries on the Access
Fee, 100 for the percentage of DAE beneficiaries and 100 for the percentage of DAI beneficiaries.

(3) While the gross taxation/margin on the Access Fee mirrors the gross subsidy on the Acces Fee,
this no longer holds when it comes to consumption. Indeed, the financial equilibrium requires
subsidies to be self-financing through "taxes", and there are households that will both receive
subsidies (on the Access Fee and/or the first consumption units) and be taxed on their
consumption. At the same time, calibration of the tariff system may also mean that small
consumers whose consumption are located in the first subsidised consumption blocks are not
"taxed" on their consumption. Given these elements, the percentage of DAE contributors is
positive, is not equal to 100% (except in some special cases) and, in all cases, is not equal to 100
minus the percentage of DAE beneficiaries (unlike in the case of net subsidies and net taxation).

(4) In view of this last point, it matters to calculate and display statistics on the population of
households that actually contribute to service funding, in addition to those calculated for the
population (and that includes households that are fully subsidised on their consumption). For this
reason, the tool displays descriptive statistics on gross contributions for the sole sub-population
of "effective" contributors (see the last three columns of Table 60).

(5) Insofar as focus is on gross subsidies, all households are automatically subsidised as soon as
the EP tariff and the A tariff both subsidise the Acces Fee and/or consumption (with the setting
of tariff parameters for the first consumption blocks). Accoridngly, the tool does not
spontaneously display some statistics calculated for the sole sub-population of beneficiaries,
because, in this case, the latter merges simply with the general population and the information
would appear to be redundant (values would be identical to those displayed, right next, for the
population as a whole). However, in order to deal with atypical cases in which, for example, the
EP tariff is subsidised everywhere and the A tariff is taxed everywhere (with a wastewater service
financing the drinking water service), the user can display a complete table (with statistics
calculated for the population as a whole and for the sole sub-population of beneficiaries) by
clicking on a button.

Once these initial elements (on the general service EP / EPA) introduced, the tool completes this
(aggregated) information (in the general population) by displaying all these descriptive statistics
for (i) the drinking water service, (ii) the wastewater service, (iii) the drinking water and
wastewater service, and a contingency table (flow matrix) cross-referencing subsidies/taxations
and services (EP vs. / A). The latter concludes this "Initial Findings" section.
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Access Fee "DAE" "DAI"
% of beneficiaries 100.00 100.00 100.00
Mean 48.39 0.33 48.72
Median 28.33 0.33 28.66
Min 28.33 0.19 28.58
Max 72.08 0.33 72.41
Q1 28.33 0.33 28.66
Q3 72.08 0.33 72.41
D1 28.33 0.33 28.66
D9 72.08 0.33 72.41
F (Mean) 54.1 14 54.1
Variance 475.0812 0.0001 475.0648
Standard deviation 21.80 0.01 21.80
MAPE 21.72 0.00 21.72
Coeff of Variation 0.450 0.024 0.447
Interquartile range 43.74 0.00 43.74
Interdecile range 43.74 0.00 43.74
Yule coefficient 43.74 #DIV/0! 43.74
Gini index
Schutz coefficient 22.4 0.2 22.3
Interdecile ratio 2.54 1.00 2.53
Interdecime ratio
S80/ S20 ratio

Table 59 : Operator gross subsidies -- General Service "EP/EPA" -- Main Descriptive Statistics
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Total Population Contributors Population
Access Fee "DAE" "DAI" Access fee "DAE" "DAI"
% of contributors 0.00 99.78 99.78 *x ** **
Mean 0.00 48.70 48.70 n.a. 48.81 48.81
Median 0.00 42.83 0.00
Min 0.00 0.00 0.00
Max 0.00 236.48 236.48
Q1 0.00 22.11 22.11
Q3 0.00 63.46 63.46
D1 0.00 12.85 12.85
D9 0.00 92.18 92.18
F (Mean) n.a. n.a. n.a.
Variance 0.0000 1208.7309 | 1208.7309
Standard deviation 0.00 34.77 34.77
MAPE 0.00 25.94 25.94
Coeff of Variation n.a. 0.714 0.714
Interquartile range 0.00 41.35 41.35
Interdecile range 0.00 79.33 79.33
Yule coefficient #DIV/0! 20.13 64.00
Gini index
Schutz coefficient 0 26.6 26.6
Interdecile ratio Undefined 7.17 7.17
Interdecime ratio
S80 / S20 ratio

Table 60 : Operator gross margins -- General EP/EPA services -- Main Descriptive statistics

n EPII IIAII
Subvention 1'371'493.55 1'106'711.5 2’478'205.05
Taxation 1'325'223.76 1'108'119.06 24’33'342.82
2'696'717.31 2'214’830.56 4’911'547.87

Table 61 : Subsidies/taxes by service (contingency table)
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11.3.3 Who? What? How?

The second stage of the analysis consists of completing the previous initial elements by producing
tables and calculating statistics organised according to a "Who ? What? How?" Interpretative
Framework. The first question ("Who?") aims to determine:

- Which households benefit from gross subsidies (presumably all) and (above all) for what
amounts?

and also:
«  Which households are "taxed" (margined) and for what amounts?
To this end, the tool displays information on :

. the percentages of beneficiaries, the averages and the variances of the subsidies Access Fee
Excluded and Acces Fee Included,

- the percentages of contributors, the averages and the variances of the margins, Access Fee
Excluded and Acces Fee Included

by breaking down the population (of domestic subscribers) by customer segment (G1 vs. G2), by
standard of living (Poor / Non-Poor) and by customer segment and standard of living (G1-Poor,
G1-Non Poor, G2-Poor, G2-Non Poor). The tool also displays decompositions of the related
averages and variances.

The second question ("What") aims at identifying what is subsidised and what is 'taxed' (marked
up). To this end, the tool calculates gross subsidies and gross taxes for each of the households in
the Population Module on :

(1) Access Fee,

(2) basic consumption ;,
(3) captive but non basic part of water consumption G,; —¢j,
. . . . k=1
(4) variable component of consumption excluding overconsumption ¢~ —y;,

(5) over-consumption (due to tariff misperception) ¢ —qul.

The sum of the subsidies (mutatis mutandis of the margins) on the Access Fee and basic
consumption then gives the total gross subsidies granted to the basic service, while the sum of
the subsidies (mutatis mutandis of the margins) on the captive but non-basic part of the demand
(by default, the uses of water linked to garden maintenance and swimming pool maintenance)
and the variable part of the demand ¢ — q(') gives the total subsidies granted to the non-basic

service.
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Table 62 : Breakdown of Operator gross subsidies and gross margins for general service "EP/EPA": basic uses vs. other uses (comfort and luxury)

Access Fee Basic consumption Basic service Non basis onsumption Total
Mean Total Mean Total Mean Total Mean Total Mean Total
Subsidies 48.39 2315410.70 0.30 14234.01 48.69 2329644.72 0.03 1522.52 48.72 2331167.23
"Taxes" 0.00 0.00 8.89 425294.53 8.89 425294.53 39.81 1904934.54 48.70 2330229.07
-0.02 -938.16

Table 63 : Leakage rates, PPV, FOR et NPV

Subsidies "DAI" "DAE" Taxes "DAI" "DAE"
Leakage rate 0.07 9.7 FOR 18.25 18.25
PPV 99.93 90.3 NPV 81.75 81.75

100.00 100.00 100.00 100.00

Table 64 : Breakdown of average subsidies (basic service vs. non-basic consumption)

Basic service Access Fee Basic consumption

Mean % Effective mean Mean % Effective mean Mean % Effective Mean
Suisidies 48.69 100.00 48.69 48.39 100.00 48.39 0.30 100.00 0.30
Margins 8.89 75.55 11.77 0.00 0.00 #DIV/0! 8.89 75.55 11.77

Non Basic consumption

Mean % Effective mean
Subsidies 0.03 44.10 0.07
Margins 39.81 99.78 39.90

Total consumption

Mean % Effective mean
Subsidies 0.33 100.00 0.33
Margins 48.70 99.78 48.81
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Using this information (stored in the Invoices module), the tool first looks at subsidies and taxes
on the basic service. To this end, mean, variance and Gini index of the following variables of
interest are displayed :

. the subsidy on the Access Fee (which enters in the definition of the basic service),

- the (gross) subsidy Access Fee Excluded, that is the amount of gross subsidies paid on basic
consumption,

- the (gross) subsidy Access Fee Included, that isi the amount of support for the provision of
basic service of which households benefit,

as well as :
- the (potential) margin on the Access Fee (probably equal to 0)

- the gross margin levied on cubic metres for basic uses, i.e. the amount of contributions to
service funding levied on the basic consumption (this variable accounts for exclusion errors
in value);

. the amount of contributions to service funding collected from the marketing of the provision
of basic service by the operator (equal to the previous value, provided the Access Fee is
subsidised) ;

for, successively, the population of Household as a whole and the sub-population of contributors.
Next, all this processing is reproduced for non-basic consumption, and thereafter the tool
proceeds to:

- average decomposition,

. decomposition by sources (factors) of variance,

. decomposition by sources (factors) of Gini index (also known as Rao decomposition)

of the gross subsidies and of gross margins by services (EP service vs. A service).
The last item relates to the "How" issue which is addressed with a contingency table showing the
distribution of subsidies and taxes on Acces Fee, basic consumption, basic service (consolidation
of the first two items), and non-basic consumption (see Table 62, page 217). On this basis, the
tool calculates several indicators (similar to the ones applied in Section 8.3.2 to assess the proper

calibration of the tariff), including leakage rates and FORs (see Table 63 on next page), and then
breaks down the apparent averages to show "effective" averages (see Table 64 on next page).

11.3.4 "Good taxes™" vs. "Bad" subsidies
The tool concludes this analysis with a "Who, What and How" table providing a summary view of

good and bad subsidies/taxations, and also showing support for basic services and direct support.

To this end, it is first displayed a table showing the mass of flows with households classified by
consumption deciles (see Table 65 on next page). Next, these data are reprocessed to feed a
second table in which :

(i) values are expressed as a percentage of total subsidies/taxes (adjusted for the value of
operating income),

Analysing the socio-economic performance of Water Pricing Policy




‘

INN WATER
T T, T S; S, S, T, +S, C, Co+T, +5, S'?;:::t Final
di 80552.33 50469.41 | 131021.74 | -1487.21 -75.44 -1562.65 | 129459.09 | -227563.23 -98104.14 71,80 -98032.34
d2 122861.79 | 54979.98 | 177841.77 | -1509.10 -72.53 -1581.63 | 176260.14 | -250412.55 -74152.41 80,30 -74072.11
d3 163531.35 | 50788.22 | 214319.58 | -1482.68 -103.16 -1585.85 | 212733.73 | -232133.10 -19399.37 90,59 -19308.77
d4 165557.71 | 54270.75 | 219828.46 | -1487.46 -98.39 -1585.85 | 218242.62 | -245842.68 -27600.07 88,31 -27511.76
d5 193476.76 | 50677.49 | 244154.25 | -1489.03 -96.82 -1585.85 | 242568.41 | -227563.23 15005.17 97,47 15102.65
dé 200913.10 | 45200.15 | 246113.25 | -1406.97 -177.20 -1584.17 | 244529.09 | -250412.55 -5883.46 92,37 -5791.09
d7 205872.88 | 40123.20 | 245996.08 | -1362.33 -219.63 -1581.96 | 244414.12 | -241272.82 3141.30 93,08 3234.39
ds 217434.60 | 29856.95 | 247291.56 | -1410.19 -175.66 -1585.85 | 245705.71 | -218423.51 27282.20 102,29 27384.49
d9 236983.62 | 25569.86 | 262553.48 | -1317.23 -268.62 -1585.85 | 260967.63 | -218423.51 42544.12 104,19 42648.31
d10 317750.39 | 23358.51 | 341108.90 | -1281.82 -235.08 -1516.90 | 339592.00 | -203363.52 136228.48 117,75 136346.23
Total 1904934.54 | 425294.53 |2330229.07 | -14234.01 -1522.52 -15756.53 |2314472.54 | -2315410.70 -938.16 938,16 0.00

Table 65 : "Good" and "bad" subsidies / contributions to service funding
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Access Fee Basic units Basic service Non basis service
C S: T S'+T. |C,+S'+T | S T ST 4T C C,+C Direct Final
i0 q q q q i0 q q q q q q iq i0 iq support
dl -9.8 -0.0638 2.1650 21 -1.7 0.0 35 35 5.6 -4.21 0.0031 -4.2
d2 -10.7 -0.0647 2.3585 2.3 -8.4 0.0 5.3 5.3 7.6 -3.18 0.0034 -3.2
d3 -10.0 -0.0636 2.1787 21 -7.8 0.0 7.0 7.0 9.1 -0.83 0.0039 -0.8
d4 -10.5 -0.0638 2.3281 2.3 -8.3 0.0 7.1 7.1 9.4 -1.18 0.0038 -1.2
d5 -9.8 -0.0639 2.1739 21 -1.7 0.0 8.3 8.3 104 0.64 0.0042 0.6
dé -10.7 -0.0604 1.9389 1.9 -8.9 0.0 8.6 8.6 10.5 -0.25 0.0040 -0.2
d7 -10.3 -0.0584 1.7212 1.7 -8.7 0.0 8.8 8.8 10.5 0.13 0.0040 0.1
ds -9.4 -0.0605 1.2808 1.2 -8.1 0.0 9.3 9.3 10.5 1.17 0.0044 1.2
d9 -9.4 -0.0565 1.0969 1.0 -8.3 0.0 10.2 10.2 11.2 1.83 0.0045 1.8
d10 -8.7 -0.0550 1.0020 0.9 -7.8 0.0 13.6 13.6 14.6 5.84 0.0051 5.8
Total -99.3 -0.6106 18.2438 17.6 -81.7 -0.1 81.7 81.7 99.3 -0.04 0.0402 0.0

Table 66 : "Good" and "bad" subsidies / contributions to service funding (as a percentage of subsidies/taxes adjusted for the value of operating income)
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(ii) households are ranked by standard of living deciles

(iii) flows are reclassified so as to show the amount and composition of support for the basic
service (by non-basic uses) generated by the IBT which is assessed/tested by the user.

On this last point, see Table 66, page 220. The tool concludes by calculating the same indicators
as those used to assess inclusion and exclusion errors in volume for confusion matrices:

Subvention A Taxation A
Basic Service Sq 11 Tq
Other uses S,qi9 Tq—ﬂ —1I
Sq_n_ Tq_l_I+ Sq +Tq—(H_+H+)
Table 67 : Inclusion and exclusion errors in value - Access Fee Excluded
Subvention A Taxation A
Basic Service C, + 3g —I1 Cs _|_'|'9
N
Other uses Sq_9 qug —1II
S -1 T-IT" S+T—(H‘+H+)

Table 68 : Inclusion and exclusion errors in value - Access Fee Included

with TT™ :—min[H,O] and IT" = max[H,O] to adjust downwards the "right" subsidies in the
case of a deficit, the "right" taxes in the case of a surplus.

XIl -SCALING UP

12.1 Motivations

As it stands, the use of the MMS should allow (with adaptations) an improvement in local
management, at the level of the (French) municipalities and inter-municipalities which are
currently in charge of the pricing of the drinking water and wastewater services®!. However, with
the implementation of the project, it was clear that the tool did not fully meet the needs of some
stakeholders who expect more macroscopic information on the effectiveness of the various
pricing policies that can be implemented on the scale of the territory/catchment area.

511t is to note that, for the French case, the law NOTRe ("Nouvelle Organisation Territoriale de la République" in
French, New Territorial Organisation of the Republic) of 2015 provided for the mandatory transfer of water and
sanitation responsibility to communities of municipalities and urban areas on 1 January 2020. A new law, pending
enactment, ends this obligation for municipalities that have not yet transferred their authority, with no possibility
of reversal for municipalities that have already transferred their authority (the text in question was adopted at
second reading by the Senate on 2 April 2025).
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With regard to the study site of Reunion Island specifically®?, some stakeholders involved in
integrated water resource management come in mind, foremost among which is:

(1) the local Water Agency (Office de I'Eau de La Réunion), which collects and redistributes eco-
taxes (excise duties for the protection of aquatic environments, aid for investment in networks
and pollution reduction),

but also:

(2) certain decentralised government departments such as the Regional Health Agency (ARS) or
the Department of the Environment, Planning and Housing (DEAL)),

and:

(3) certain local authorities (Regional Council, Departmental Council) which can implement
specific social policies with assistance programmes (water vouchers, assistance with unpaid bills).

The latter could be initiated (and supervised) by national regulations (like the FSL (Fond Solidarité
Logement, Housing Solidarity Fund)). At the same time, this issue of evaluating the performance
of a set of pricing policies in a specific geographical area is also relevant for areas smaller than
river basins. This applies in particular (4) to Local Water Commissions, but also and above all, (5)
to inter-municipal bodies, which are now in charge of the management of the service (see above).
Within these latter structures, different municipal rates continue to apply, with tariff equalisation
expected in the long term (which is not without its difficulties given that service costs can vary
greatly from one municipality to another).At first glance, the scaling up of the MMS should enable
all these stakeholders to obtain as complete a picture as possible of the socio-economic
performance of the various pricing policies implemented in Reunion Island and, based on this
information, to better target their support measures.

To meet this need, it is here to capitalize on and scale up the micro-simulation model with:

(1) the econometric estimation of the water demand functions of the households living on
Reunion Island (and not only for one city of the Island), insofar as Reunion Island is regarded as
a complete watershed.

This task, planned as part of the project, was completed using the latest available data provided
by the national surveys. The econometric model combines (i) a specific Tariffs database
containing the IBTs for the 24 municipalities of Reunion Island, with (ii) a Household database
(hosted on the CASD's secure platform) which provides information on the socio-economic
characteristics of respondents and the geographical location of households (matching with the
Tariffs database then makes it possible to identify the IBT they face) and (iii)) a global demand
equation which, in addition to the usual variables, includes a set of "Municipality' dummies that
account for a certain heterogeneity in demand behaviour (technically, while having a common
structure, each city is assigned a specific demand function).

52 Reunion Island is a separate watershed. It also has a Regional Council, a Departmental Council (both of which have
now responsibilities in the field of water), a Water Agency, a Basin (and Biodiversity) committee, several
decentralised State services with specific responsibilities in the field of water (including the DEAL, linked to the
Ministry of the Environment, and the ARS, linked to the Ministry of Health), five inter-municipal communities and
24 municipalities. The island of La Réunion is also one of the outermost regions (ORs) of the European Union.
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(2) the setting of an aggregated dashboard, fed by local dashboards, and performance indicators
computed at the territorial level of the Reunion Island area and, above all, broken down (where
possible) into its constituent elements on the basis of spatial (geographical) distribution.

With the econometric demand model for Reunion Island (1), it is possible to feed the dashboard
that measures the socio-economic performance of a pricing policy implemented by a municipality
for the Reunion Island as a whole. This provides an aggregated dashboard and, through it, a multi-
dimensional measure of the performance of all pricing policies that are implemented by all
municipalities across the territory. This aggregated dashboard may be used to feed into the socio-
economic sections of some written documents part of the local SDAGE (Water Development and
Management Master Plan) and, using a dedicated geo-visualisation tool, measure potential
disparities and spatial inequalities (in terms of public drinking water and sanitation service
pricing) across the entire territory of Reunion Island.

Once this point stated, it is understood that, for the purposes of analysis and also the design of
public policy, it matters to link the overall performance of all pricing policies at the level of
Reunion Island with the performance of each pricing policy implemented locally or, in short, to
link the aggregate scoreboard to the disaggregated scoreboards feed at the level of each city. In
concrete terms, and focusing on unaffordability (for instance), the aim is:

(1) to calculate the percentage of households facing an affordability issue across the whole of
Reunion Island, that is:.

n
H o —_PAR
PAR n

with Nppr the number of households residing in Reunion island and facing an affordability issue
as defined by the PAR, i.e. the number of households spending more than 3% (for example) of
their income to meet their basic water needs,

and, insofar as water tariffs and the socio-economic composition of the population differ from
one city to another,

(2) link this aggregate figure, obtained for Reunion Island as a whole, to the 24 household
headcount ratios calculated for each municipality, that is:

1 2 24

H = Npar H2 - Npar H2 — Npar
PAR — ’ PAR — , e PAR —

nl n2 n24

with:

- N, the number of household customers in City 1 (Commune (Les) Avirons, if we use

alphabetical order) who apply a specific IBT given by the tariff function Tl(Q), N, the number of
household customers in City 2 (Bras Panon) who apply a specific IBT given by the tariff function
T2 @), ... N,, the number of household customers in City 24 (Trois Bassins) who apply a specific

IBT given by the tariff function T24 (Q) ;

- néAR the number of households in City 1 facing an affordability issue with the tariff Tl(Q) of City
1, n§AR the number of households in City 2 facing an affordability issue with the tariff T2 Q) of
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City 2, ..., n,fj\R the number of households in City 24 facing an affordability issue with the tariff
T,,(0) of City 24

- H;AR , H,EAR, s ng\R the water unaffordability rates, calculated for the household customers
in City 1, in City 2, ... up to City 24.

This question is answered in the affirmative because we have:

1 2 24 1 2 24
H _Mopr _ Mopr tMppr +---FMpag My Mppg _'_& Noar + 4 Nys Npar
PAR — = = cee
n n+n,+...+N, nn nn n n,

1 2 24
= flePAR + fZXHPAR +...+ f24XHPAR

i.e. the water unaffordability rate of Reunion Island is a weighted average of the water
unaffordability rates of the municipalities in Reunion Island, with the weighting coefficient being
the weight of the municipality in the distribution of the household population across all
municipalities on the Island. Highlighting this breakdown provides useful information for bodies
operating at a centralised level, as it enables them to:

(1) identify the municipalities with the highest level of water unaffordability as defined by the
PAR, i.e. where needs are greatest

and, also, with the calculation of contributions:

(2) allocate (limited) resources efficiently, with a view to maximising the impact on the aggregate
water unaffordability rate, which is in itself a key performance indicator that can be used to
measure the effectiveness of a public policy such as, for example, the roll-out of a programme of
assistance with water bill payments that can be targeted at poor households, but also
programmes to support investment in networks (that are managed by the local water agency)
which, through their impact on the local cost of the service, also have an impact on the price of
water and, ultimately, on the local and global affordability of the water tariff system.

The point is that this approach is not limited to the percentage of households facing an
affordability issue. It also applies, for example, to (1) the affordability deficit, which, because it is
an average, will verify:

n n
5 Moo 2
Coar = XEppr +

_ n, _
X B oo+ X B
n
i.e. the affordability deficit in Réunion Island, €,z , is a weighted average of the affordability

deficits of the 24 municipalities on the Island §§AR , §P2AR ) s §P2,:R , using a weighting system

identical to the Household Headcount Ratio and, with an adjustment to the weighting system,
for (2) the effective affordability deficit, which breaks down as follows:

nt n2 2
eff _ Mpar o zeif1 | Npar | eff 2 PAR  eff 24
€par = X€pag T X€ppg t...t X €par

PAR PAR nPAR

i.e. the effective affordability deficit of Reunion Island, §§XR ,is a weighted average of the effective

affordability deficits of the 24 municipalities of Reunion Island §;X§l, e_PezF’f, ey @PGXR’M, but with

weightings that are now given by the weight of the municipality in the population of households
facing an affordability issue. Furthermore, these breakdowns, insofar as they relate to
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proportions and averages, also apply to other points of performance, such as for instance the
incentive effect of the tariff system, with a study of the impacts on consumption linked to the
implementation of IBTs, compared to TBSEs, and the issue of overconsumption (that come with)
and for which awareness-raising programmes (or nudging campaigns) may be deployed in light
of the information provided (and that can help in the design of these non-tariff instruments).

With this programme in place, it should be borne in mind that (i) not all of the indicators in the
aggregate dashboard can be broken down (such as, for instance, the median of affordability gap),
(2) some of the measures used in the dashboard (such as variance or the Gini index) can be
broken down, but with a slightly more complex disaggregation, and (3) the scaling up operation
should not be limited to feeding data into an aggregate dashboard and breaking down some
indicators that are already known to be broken down. Thus, in addition to points (1) and (2)
described above, scaling up will also require:

(3) the use of new specific indicators (used in spatial economics and, more generally, in
geography) to measure potential disparities and spatial inequalities across the whole territory of
Reunion Island (i.e. at the level of the river basin), for some or even all of the five previous
performance points related to the European Water Framework Directive.

Indeed, the scaling up of the micro-simulation model will take place at the basin level, in a
framework where (i) the issue of territorial inequalities will constitute a matter of interest with,
at the same time, (ii) a large number of stakeholders / decision-makers who act at different levels
in the institutional system that organizes water policy,

This last dimension calls for reflection on the architecture of the tool, that must be consistent
with the multi-level multi-stakeholder governance system that organises water policy, and within
which a large number of decision-makers act at their own level of intervention in specific areas.
Ideally, this need will have to be met by offering the possibility to the user to select a geographical
area of assessment and a spatial scale of breakdown (for some the indicators making up the
dashboard) as specified in the table below>3.

Analysis level / Spatial breakdown Basin Intercommunality City
Basin v Vv Vv
Intercommunality N v
City Vv

Table : The "almost" ideal spatial division

This spatial division is based on the decision-making system of Reunion Island, of the French
system more generally, with (i) tariff policies that are designed at the level of cities and
intermunicipalities and (ii) some non-tariff measures that the up-scaled MSM aims also to inform.
This includes (i) the subsisides for network improvement that affect production cost, and
therefore ultimately the price of water, but also (ii) the aids for unpaid bills that are implemented
by the General Council, with a funding mechanism based solely on voluntary contributions from
the authorities responsible for organising the drinking water and wastewater services that

53 In addition to the administrative organisation, there is also a specific typology for Reunion Island, with four micro-
regions (North, South, East and West) which reflect real economic differences and often form the basis for local
public debate. The latter could be extended to five micro-regions, taking into account the specific nature of the "Les
Hauts" area, which is similar to the urban vs. rural distinction in mainland France.
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questions. Finally, there is a specific issue for Reunion Island and that relate to (iii) the effects of
the (potential) standardization of water and sanitation tariffs within the basin (several local
public decision-makers are campaigning, in the name of inter-municipal solidarity, for the setting
of a single water and wastewater tariff across the island, in a context where service costs can
vary greatly from one municipality to another).

12.2 Constraints and challenges for the upscaling operation

The micro-simulation tool for one municipality is very thorough and provides a lot of fine-grained
information of the effects that the water and sanitation tariff has on a municipality's population.
However the goal for this upscaling operation is to switch the focus from a municipality to a wider
entity such as a water agency. In order to better understand the architecture design choices, it is
important to review key differences between the base simulation model and the intended
upscaled model.

First of all, we are not interested in one tariff anymore, but multiple tariffs. This can go from 24
tariffs if we are interested in La Réunion, to more than 35 000 tariffs if we are looking at
Metropolitan France. This of course dramatically increases the computational power needed and
smart design choices have to be made to limit that increase. Another aspect that increases the
complexity is that a tariff can be included multiple times in an aggregation. For example, the
municipality of Saint-Denis, La Réunion, is included both in the aggregation of the whole island,
and in the aggregation per arrondissement. It is quite obvious that it is not a smart choice to
recompute the results of a single simulation everytime it is included in a new aggregation.

We have mentioned aggregation a few times already and it would be now a good time to explain
the scope of the aggregation for our case of interest : France. In order to understand how is
France managed, we can refer to the official internet platform “Vie publique” which provides
official information on the state organization :

“The French administrative system is structured around three standard territorial divisions: the
arrondissement, the department, and the region. Other divisions are referred to as specialized
divisions due to their specific purpose (such as water management, for example).>*

We can also refer to the INSEE definition of what is an arrondissement®®, which adds that it is
composed of municipalities (since 2015). This provides clear indication on the official
administrative territories structure that we are interested in within the scope of water tariff
management.

It is worth mentioning the bottom division “IRIS INSEE division” which is a division that can be
defined as a “fundamental unit for dissemination of infra-municipal data”>® by INSEE and is
widely used in socio-economic studies. The structure shown in the tree is the strict hierarchy that
needs to be used within our scope. However, it is important to remember that other custom
defined divisions could be used such as the inter municipalities divisions which are groups of
municipalities. By knowing the French administrative structure, we can now explain what we
mean by aggregation more clearly. Since we know that at the moment the tariffs are defined at
the municipality scale, we can use it as an example. If we imagine three municipalities named A,

5 https://www.vie-publique.fr/fiches/20231-quelles-sont-les-circonscriptions-administratives
55 https://www.insee.fr/fr/metadonnees/definition/c1912
%6 https://www.insee.fr/en/metadonnees/definition/c1523
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B and C that are part of an arrondissement D, the base simulation model is able to compute the
results A, B and C, but not the results D since it does not have a tariff and is composed of
municipalities. In this case, by aggregation we mean that we take the results A, B and C and use
their weighted contribution to the results D.

Now that the constraints are well known, it is time to explain how they led to the design choices
that were made.However, before we move further it important to explain that this kind of work
has never been done before and is therefore exploratory. In order to reduce the architecture
design complexity, it has been decided that we would focus on the first indicator which is the
abordability. The goal of this work is therefore to build the structure on which future work can

be build upon.
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Figure 42: Geospatial architecture used in the upscaled MSM (inspired by the official French administrative territorial divisions)

12.3 Architecture design choices

As mentioned multiple times above, the current simulation model is focused on one tariff which
at the moment is defined and enforced at the municipality level. As described in the section
“Constraints and challenges for the upscaling operation”, the main aspects of the upscaled model
are that it needs to take into account multiple tariffs and with the parameters that go hand-in-
hand with it (water providers, demand function, ...), as well the spatial dimension problem which
can be described as “which municipalities are included in this wider scale ?”.
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Since the current simulation model focuses on one tariff and already provides good results for
this tariff, it provides a solid starting point for the upscaled model. It would be counterproductive
and misguided to start a new model from scratch. Moreover it provides ways to optimize the
upscaled model in the future as for example the possibility to retrieve already computed data
from a single tariff simulation if the input data for this simulation in specific did not change. This
will be explained thoroughly in a later discussion on possible improvements. In summary, the
upscaled simulation is built around this existing base simulation model that computes for one
tariff and aggregates the results for each tariff to compute the results of a wider entity. This leads
to the first two steps of the design process which is : how do we integrate multiple base
simulation models in order to gather the results and integrate them.

The first step is trivial in terms of programming but will still be detailed for completeness. The
second step is worth spending more time on it.

12.3.1 Base simulation model encapsulation

In order to understand the encapsulation of the base simulation model, it may be worth it to
remember how it works strictly in the sense of programming.

Population data Database "Enhanced" population data
A i
A 4
4 N
User inputs »
Output data
- Water demand parameters i .
- Operator parameters Simulation » vla?ligf::rs (descriptive
- Water tariff parameters ) )
. J

Figure 43: Simplified working principle of the base simulation model

The simulation takes needs to things as input : the population data affected by the tariff, and
parameters necessary to derives the indicators (tariff parameters, water operator costs, water
demand function, ...). For each household and individual in the population data it will first
compute extra data needed for the next steps. It then calculates from this data a certain amount
of things that can be considered to be descriptive statistics variables as a simplification. Together
these variables form the indicators described thoroughly in this present report. These variables
and extended population data are stored in the database. In the base simulation model they are
also presented in a graphical interface but this part is not important for us at the moment. What
is important to know however, is that each of these variables calculations are encapsulated in
method calls. In the upscaled simulation model it is unrealistic to call each method for every
tariff, hence the need to encapsulate the base simulation model into an object. The basic diagram
is given below with the general idea of how the upscaled simulation model would work.
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Figure 44: Working principle of the base simulation model encapsulation within the upscaled simulation model

Now that we have hidden the complexity of the base simulation model computation behind an
encapsulated model, we can look at what is missing in order to integrate them into the upscaled
simulation : how to handle the results in order to achieve the desired results. This unknown is
represented by the “extra process” in the simplified diagram.

12.3.2 Population results and aggregators

Once the results are computed by each encapsulated base simulation model, they should be
aggregated. This leads to a first problem : not all the results can be aggregated in the same way
and more information that just the raw results are needed. For a demonstration purpose, let’s
take a representative example which is the case of the arithmetic mean aggregation. If we
imagine that we are interested in calculating the average income of a population D, which is
composed of population A, B and C. The average incomes of each population (A to C) are
respectively 2000,2100,2200. The situation is represented in the following table.

Population A income | Population B income | Population C income | Population D income

2000 2100 2200 ?

Example table showing the knowledge of averages incomes for three populations A, B and C, together forming the population D
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This information alone is not sufficient to calculate the average income of the population D.
Indeed in this specific case, we need to compute the weighted average. Thus, we need to know
two things : the average incomes we have are average descriptive variables, and the population
count of each population. We can add this information to the previous table which gives us :

Population A Population B Population C Population D
Variable name Income Income Income Income
Variable type Average Average Average Average
Variable value 2000 2100 2200 ?
Population type Household Household Household Household
Population count N 400 200 400 1000

Example table showing an updated knowledge of an ensemble of populations

Hence, the average income of population D will be weighted average :

n n n
R,=-2xR, +—E2xR,+—<xR
D nD A nD B nD C
_ 200 50004299 , 21004 490
1000 1000 1000

=2100

x 2200

At this stage, it is important to note the “Population type” entry in the table. As the simulation
model can focus either on households, individuals or children population inside a municipality
population, it is needed to qualify the population we are interested in so that we don’t compare
households average income of population A with individuals average income of population B for
example, since it would change the population count and skew the results either way.

In the scope of this work, the focus was on developping an architecture that will allow work to
continue and to be built upon. To this extend, a choice has been made to integrate two types of
results for now : weighted average and variance decomposition. However, it is important to
underline that other types of result can be implemented in the same fashion. Since the weighted
average has been briefly demonstrated above, the variance decomposition is shown below in
order to understand the capabilities of the upscaled simulation model.

\Y (R) =Vintra +Vinter = Z thh(R) + Z fh (ﬁh N R)2
h h

— 1 & 1 —
fhzﬁ Rh:_ZRih Vh(R)z_Z(Rih_Rh)z
n nh i=1 nh i=1
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Coming back to the weighted average problem and the variance, it leads us to the first design
choice : the results are encapsulated in an object called PopulationResults in the code. To
summarize the previous example in terms of programming language, we went from having
enhancing variable name and a variable value to an encapsulated object that contains more
information :

. The population of which the result is related

. The population count of which the result is related

- Atypein the descriptive statistics sense

Since for a given population it can exist multiple variables that are of the same type such as
average variables (e.g. average income, average water consumption, average water invoice, ...),

they are grouped together in a dictionary. The implemented PopulationResults UML diagram is
given below.

Results

+ results_type: ResultsType
+ results : dict

PopulationResults

+ population_key: PopulationKey
+ population_count : int

Figure 45 : Simplified UML diagram of the PopulationResults class

It is important to note that PopulationResults is actually defined by a population_key instead of
a population_type. As defined at the moment, a population_key is a tuple that contains two types
: PopulationType and SubscriptionType. Indeed, for the needs of the simulation model more
flexibility is required in order to define a category of interest to ensure that we compare similar
populations. It is also totally possible to extend the population key with other types to better
capture a population specificity. A more complete UML diagram is shown below to better
understand the PopulationResults concept.
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<<Enum>>
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Results ggﬁ'frf 0

+ results_type: ResultsType MEAN =2

+ results : dict EEF%I:I\I.I“CTE 3 .
STD_DEV =5
MIN =6

MAX =7

\d

<<Enum>>

PopulationResults PopulationType
PopulationKey

+ population_key: PopulationKey ALL=0

+ population_count : int + population_type : PopulationType HOUSEHOLDS = 1

+ subscription_type : SubscriptionType INDIVIDUALS = 2

CHILDREN =3

<<Enum>>
SubscriptionType

ALL=0
WATER =1
WATER_SANITATION =2

Figure 46: Simplified UML diagram of the PopulationResults class showing the use of PopulationKey and ResultsType

While this is already working great, the amount of resulting objects outputted by each simulation
can still be reduced and better organised. Indeed, now each simulation outputs one
PopulationResults object per (population_key,result_type) combination. However, most of the
time, the results for the same population_key are treated at the same time. It simplifies the code
to encapsulate the code in an object called PopulationResultsCollection. The simplified UML
diagram is given below :

Results

+ results_type: ResultsType

+ results : dict
PopulationResultsCollection PopulationResults
+ population_resulits: dict[PopulationResults] 1 + population_key: PopulationKey

+ possible_population_keys = tuple[PopulationKey] < population_count : int
+ population counts : dict

Figure 47: Simplified UML diagram showing the working principle of PopulationResultsCollection
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Now that we have defined the output results encapsulation for each simulation, we can introduce
the next aspect of the upscaled simulation model : the aggregation.

In order to achieve spatial aggregation, we first need to focus strictly on the aggregation. If we
take our example above with the income, the aggregation part is the process of taking
PopulationResults A, PopulationResults B and PopulationResults C to output PopulationResults D
while calculating the weighted average. Each PopulationResults would be defined by the same
PopulationKey (e.g. Households PopulationType with the ALL SubscriptionType) and the same
ResultsType (i.e. Mean). This leads to the need of creating an object that would check that the
provided PopulationResults match each other and can be aggregated, while using a specific
method to do so that depends on the provided ResultsType. This is what the ResultsAggregator
object does. A simplified UML diagram is provided below minus some information already
provided above.

ResultsAggregator Results

+ results_type: ResultsType
+ results : dict[Results)

+ results_type: ResultsType
| + results : dict

<>t-

PopulationResultsAggregator PopulationResults

+ population_key: PopulationKey
+ population_count : int

+ population_key: PopulationKey
+ population_count : int

<>|-
\'4

Figure 48: Simplified UML diagram showing the working principle of PopulationResultsAggregator

It is worth noting the population_count attribute in PopulationResultsAggregator. Indeed, it
keeps track of the total population that it aggregates in order to provide weighted aggregation
methods.

Just in the same flavour that PopulationResultsCollection was used in order to reduce the amount
of PopulationResults instance, there is a PopulationResultsCollectionAggregator that is a bit more
bloated than all the previous objects. Indeed, it takes a PopulationsResultsCollection as an input
and instantiates as many PopulationResultsAggregators as needed depending on all the possible
combinations between PopulationKeys available and ResultsType available.
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ResultsAggregator Results
+ results_type: ResultsType 1 + results_type: ResultsType
+ results : dict{Results] < 2| + results - dict
Fop R tionAggregator
+ population_results_collections: set[Populati itsCollection] 1
+ pop | _results_<mc inations = set[P\ ionkey]
* popusation_counts : cict PopulationResultsAggregator PopulationResults
+aggreg = ciciFof Aggregator]
+ aggregated_results = dict | + population_key: PopulationKey 1 + population_key: PopulationKey
1 + population_count : int < + population_count : int

PopulationResultsCollection

+p ion_results: dict{PopulationResults]
+ possible_population_keys = tuple{Pof
+ population counts : dict

[y

Figure 49: Simplified UML diagram showing the working principle of the PopulationResultsCollectionAggregator

12.3.3 Adding the spatial dimension

Now that we can aggregate PopulationsResults together to get the results of arbitrary grouping,
it is time to focus on the spatial aspect of the upscaled simulation model. As a reminder, what
we want to aggregate is data from tariff simulations that are defined at the municipality level to
another level such as department, arrondissements, etc. It means that at the code level, we need
to know what are the municipalities that are included in a target division level. In order to achieve
this, the France administrative division from the basin level to the iris level needs to be queryable
at the code level. Therefore, the administrative division needs to be stored and represented in a
database. It is trivial that SQLAlchemy was used in order to define the relationships between the
divisions that are stored in corresponding SQL tables. The SQLAIchemy models that reflect the
SQL tables that are shown in the graph Figure 50, on next page.

It is interesting to note here the two tables :
custom_commune_group
commune_group_association.

It was mentioned that a few divisions are not official, and as a matter of fact, customly defined
divisions could be created by the user. For now, only custom municipalities grouping can be
created but the solution can be used for any type of grouping such as custom_region_groups,
etc. The first table custom_commune_group holds the id, the name and the type of the custom
municipality group. The type of a group in this case could be inter municipality or micro region
(for the case of Réunion Island, it could be North, South, West, East). The table
commune_group_association is actually used to hold the references between these custom
groups and the involved municipalities.
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Figure 50: SQL graph showing the structure of the geospatial database
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Once again, we have solved a piece of the puzzle and can move on to the next. We have the
administrative structure defined in a database, but the next difficult step is to be able to make
useful queries out of it. Indeed, the way these are stored is that each child division “knows” in
which parent division it stands. So for example, it is easy to know from one municipality in which
arrondissement it stands, but not directly in which region, and even less to know from the
arrondissement id which are the municipalities in it. For this matter, a GeoDBInterface object has
been developed. For reference, the “Geo” part stands for Geospatial and allows to make the
purpose clear in the code. For example, the GeoDBInterface allows querying for a municipality to
which region or department it belongs. It also allows, given a list of source division objects and a
target aggregation level, to output a dictionary with the target aggregation level as keys, and a
list of corresponding source divisions. Let’s give an example to better visualize the aggregation
method. Here is a table representing a structure.

Region A

Arrondissement B Arrondissement C

Municipality | Municipality | Municipality | Municipality | Municipality | Municipality
D E F G H I

Table 69 : Example of territorial division structure to explain the geospatial aggregation

Without the interface, the only thing that we are able to know is that Municipality G is in
Arrondissement C, or that Arrondissement B is in Region A.

If we are interested to group let’s say Municipality E, F and H in arrondissements, the
GeoDBlInterface will return a dictionary : {Arrondissement B : [Municipality E, Municipality F],
Arrondissement C : [Municipality H]}.

This will be useful to be coupled with PopulationResultsAggregator to perform the desired
calculations. It is useful here to remember that the base simulation model focuses on a tariff and
not a municipality. It is not impossible in the future that the simulation could be used outside of
France where tariffs are designed at a different level. It can be also imagined that in the future,
the responsibility for the tariffs management would shift to higher divisions, such to the
arrondissement level. Therefore this explains why the code is generic and allows us to do
aggregations at any level.

12.3.4 General upscaled simulation

Now we have all the necessary functionalities to upscale the model, we can describe the general
architecture for the upscaled simulation. As mentioned a few times already, the upscaled model
runs at its core an encapsulated base simulation model for each tariff. The results are then
formatted into PopulationResults objects that are used to sort the results per population key (an
arbitrary combination of different population categories) and per result type. The aggregation of
the population results is done on a requested administrative division level such as
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arrondissement or departments. In order to know which tariffs are at the municipal level at the
moment, the GeoDBInterface queries the geospatial database in order to provide a dictionary
that gathers municipalities together as values associated with the target geospatial level as keys.
These groupings of municipalities are used to aggregate the population's results accordingly. It is
important to remind, that the geospatial levels at which the data is aggregated is purely arbitrary
and chosen by the user. It is not limited to one level and be for example on all the different levels
available.

Moreover, it is not impossible that in the future, other processes that are not aggregation could
run on the upscaled simulation model just like the base model. This would be highly inefficient
but the possibility still exists if some data are absolutely required and can’t be aggregated. It is
important to know however that it would require to compute again at the population level,
defeating the whole point of upscaling.

In order to understand the general structure of the upscaled simulation, a diagram is provided
below.

Database
A
" PopulationRs ollection per req division
{ User inputs AY Simulations \
R pulation : ALL f CALL p 1 ALL
User inputs per municipality S:rr:Ju;::?;:Jif;l Type : Mean Type : Variance Type: ...
—™ Results aggregation
L —
.
User inputs per municipality S:,T.:;?;:"’l’;' I [ CHILDREN }[ CHILDREN J[ CHILDREN J
Type : Mean Type : Variance Type : ...
p———
( GeoDatabase interface
User inputs per municipality [: sm”;;?:gu’:;' E
Populati ollection per req division
: : — population : ALL | | Poy :ALL | | Population : ALL
: . Type : Mean Type : Variance Type : ...
GeoDatabase .
User inputs per municipality S'Wn:_lul:;?;:h’:;' 1
\ / { CHILDREN }[ CHILDREN ]{ CHILDREN }

— A

Type : Mean Type : Variance Type : ...

Figure 51: General architecture of the upscaled simulation model.

Reading tip : shows how the results coming out of the encapsulated base simulation models are used together with the
geospatial knowledge to output data gathered in specific requested territorial divisions

12.4 Future work

We described what is the current status of the upscaled simulation model. However, there are a
few improvements that could be made and some possible solutions will be discussed here.
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First, we will focus on the improvements that are relatively easy to implement, referred to as the
"low-hanging fruits", which could be put into action in the coming months if more time were
available. Next, we will discuss the improvements that were considered but would require more
effort and careful planning to implement.

12.4.1 Lowest hanging fruits

The present upscaled simulation shows a prototype of what is feasible, focusing at the moment
only on weighted averages and variances decomposition. It is of course possible to increase the
amount of results type supported and the code modularity has been designed keeping that in
mind. As a brief explanation, the way to add new results types would be to add a category in the
ResultsType enumeration, as well as implement the corresponding aggregation method in the
Aggregator code. We will here describe a few of these achievable results types that can be added
in the very near future.

First of all, the decomposition of the ratios. It is quite obvious that it doesn’t present any difficulty.
If we consider the percentage of households facing a water abordability issue, to derive the
resulting percentage of households of the aggregated population, we need to calculate the
weighted average of the percentages. As it has been mentionned, the weighted average has been
implemented already, so the work here is minimal.

Next, we consider the Gini index. The work needed to implement this specific result type is a
combination between what has been done for the variance. For the within and between
components, we can use the same logic as for the variance. However, when it comes to
transvariation we can no longer rely on output results given by the encapsulated base simulation
model. Indeed, for the transvariation we need to focus on the interaction between two tariff
groups (two municipalities in our case), which implies that we need to compare households
between two municipalities. It means that we can’t rely on the results aggregation and we need
to perform similar calculations to what is being done in the base simulation model. It is not
impossible and can be perform as a « separate » process from the aggregation. However it is
useful to remind that it can dramatically increases the computational power needed and the
choice should probably be left to the user appreciation.

As an example, if we consider the basin agency of Loire-Bretagne with around 6500 municipalities,
we’d have a matrix with more than 24 400 000 inter municipalities variables for a single Gini
index.

Nonetheless, it is important to remind that this is not a difficult process. The upscaled simulation
model and the Gini transvariation component calculation has been implemented in the base
simulation model.

12.4.2 ldeas for the future

A) Taking advantage of based simulation model encapsulation It was briefly explained that one
advantage of base simulation model encapsulation is to optimize the computational power usage.
If we take the example of Réunion Island with its 24 municipalities, we could imagine that after
a first upscaled simulation we are quite not satisfied with 3 tariffs results. After modifying the
tariffs accordingly in these 3 municipalities, we want to run the simulation model again. It would
not be efficient at all to recompute the 21 tariffs simulations that did not change. It is entirely
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possible in the base simulation model to implement before any calculation is done a verification
step that checks if the inputs are equal to the inputs of another simulation already computed. If
that is the case, the results will be similar and can be provided immediately from the database
instead. While we are talking about a few seconds gained per base simulation model, which might
not represent a lot for La Réunion, we could be talking about an improvement of minutes per
launch of the upscaled simulation model, effectively sparing hours depending on the usage by
the operator. We can imagine the same kind of optimisation for the interdependent variables. If
you consider municipalities A,B and C where you only modify the input for the municipality C,
then you’d get the same results for A, B and A-B. You can gain a lot of time by not recalculating
identical results but this checking processes need to be implemented wisely.

B) User interface

1) User inputs As the amount of tariffs and municipalities increases with the amount of
parameters and results as well, the readability and usability of the simulation decreases. As a first
instance, a spreadsheet is being used to provide the input data to the upscaled simulation. While
this is manageable and somewhat readable for the case of La Réunion with its 24 municipalities,
it obviously gets more and more difficult with the increase of municipalities. As a reminder and
to give an order of magnitude, France has around 35 000 municipalities. It is easy to realize that
a spreadsheet with 35 000 rows to enter the tariffs is hard to manage and quickly becomes
confusing. Some solutions to make it more manageable can be found such as, for example,
providing a spreadsheet with only as many rows as there are modified tariffs compared to a
default or saved value. This would reduce the amount of rows and make the spreadsheet more
readable and efficient. It obviously is just one example among others.

2) Simulation outputs Unfortunately, the upscaled simulation outputs face the same kind of
problems as for the inputs which are related to the sheer amount of data involved in the upscaled
simulation. If presenting the indicators and the results for the base simulation model already
represented a challenge in order to keep them readable, it is obviously exacerbated by the
upscaling operation. While the idea of presenting the results under the form of maps, it still
comes with drawbacks. Maps by nature lose information as it transforms the data into colour
scales. It also may render outliers less visible if colours are not chosen wisely. Additionally, it
would still mean that the upscaled simulation outputs a lot of maps which can be confusing as
well if too many are provided.

A proposed solution could be that only a few results interest the user and can be selected
beforehand, effectively reducing the amount of data provided.

Moreover, at the moment the upscaled simulation only shows results for the requested levels,
but it could also be a possibility that the simulation only shows maps where the tariffs cause
problems of inaccessibility with the population, allowing better work and assisting the politics.

3) Takeaways For an uninformed person, it is easy to underestimate the amount of work that
the user interface can represent. As it has just been explained, the dramatic increase of input
data presents challenges both for the input format as well as the output format.

In summary of the sections about the inputs data and outputs results, the general idea is that
there are two main aspect about the work that can be done on the user interface :

« Filtering : The user decides to only focus on some parts of the simulation
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- The simulation effectively uses a lot more information that what's being shown, but presents
the results in a smart manner to only focus on the problematic parts. The idea is that if a tariff
works well, there might be no interest for the user.

The last word is that the user interface is a completely different aspect than what has been done
at the moment and necessitates almost a small project on its own. In the end it also depends on
the user who is going to use the upscaled simulation model. The core (backend) could be the
main focus of future works in order to let each future user work on their own and preferred user
interface

C) Geomatic indicators and neighbourhoods matrices The current simulation only aggregates
the existing results inside the simulation but does not create new results that inherently come
with the geospatial analysis such as heterogeneity and homogeneity of the inaccessibility
problem, or the cost of service. For example, it should be the intuition that the more we get away
from the water source the higher would the cost of service be. This could be verified quickly by a
measure of heterogeneity and an anomaly could be spotted quickly.

Fortunately, these indicators are well known and can be splitted in two groups : indicators that
needs to know the neighbourhood relationship matrices between municipalities and indicators
that don’t.

To this extend, it is important to point out that such neighbourhood matrices are not
implemented at the moment. However, it should not be too complicated since it could be
implemented as an extra column in the corresponding territorial division SQL table. For example
for the case of the municipalities, for each municipality, the id’s of the adjacents municipalities
can be stored as a list in a column « neighbours_id ».

A few of these geomatic indicators are given below :

Dimension Name Authors

Equality Segregation index Duncan and Duncan (1955a,1955b)
Segregation index adjusted with Morill (1991)
binary contiguity matrix
Entropy index Theil (1972); Theil and Finezza (1971)
Gini index Duncan and Duncan (1955a)
Atkinson index Atkinson (1970)

Exposition Isolation index Bell (1954)

Concentration Delta index Hoover (1941), Duncan et al. (1961)
Absolute concentration index Massey and Denton (1988)

Table 70 : Main geomatic indicators®’

57 Extracted from Alivon F [2016]
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XIll - CONCLUSION

As shown throughout the document, knowledge of the household water demand functions
provided by econometric analysis, coupled with the database used for the econometric
estimation (which gives the necessary information on the socio-economic composition of the
population living in the area whose the water manager is in charge), provides useful information
for measuring the socio-economic performance of the water (and wastewater) pricing policy and
identifying some areas for improvement. The information in question relates to the joint
distribution within the population of three key factors that are: (1) the volumes of water required
to meet basic needs of the households (given the reprocessing of the captive component
operated by the user), (2) the sensitivity of demand to changes in tariff parameters and (3) the
more or less proper perception of the tariff.

In this respect, it is understood that the issue of the performance of a water and wastewater
tariffs needs a detailed answer. Over and above the characteristics of water local demand (that
affects the proper design of the tariffs), the impact of a same water pricing policy on affordability,
for instance, will be very different depending on whether the poverty rate within the
management area is 10% or 40%, even though the household would have the same consumption
behaviour, that is would have the same water demand function. In the same vein, the greater or
lesser ease of access to available and mobilizable resources, by affecting the cost of the service,
also plays a role when it comes to assessing the quality of a pricing policy.

The review of practices shows that water managers (and the community of consultants who
support them) do not rely on this tool that constitutes econometrics of water demand when they
are called to evaluate their Demand Side Management Policy, with in particular the
implementation of the various programme of measures (PGM) and the preparation of the
Masterplan for Water Development and Management (SDAGE). This results in a certain weakness
in the analyses that are produced today. Thus:

Affordability is measured by calculating the weight of the water bill in household income (CAR
for Conventional Affordability Ratio) and a problem is detected when this ratio exceeds a certain
threshold, typically 3% according to the recommendations of various international institutes.
Calculating this indicator for water managers requires to compute, for each household in their
subscriber files, the ratio between the amount of the bill, an information they have, and the
customer's income, an information they do not have.

To remedy this difficulty, it is usual to compute the amount of the expense for a reference
consumption, typically 120 m? per year, and determine the level of income below which the CAR
exceeds the 3% value. A potential affordability issue is then detected when this threshold income
is high, and none is expected to be at stake when it is low®8.

This approach has several limitations.

%8 For example, using the EP tariff for the municipality of Saint Paul (France), calculating the amount of the water bill
for a typical consumption of 120 cubic metres per year gives the sum of 46,321 euros per quarter (including VAT),
i.e. 15.44 euros per month. Households whose consumption is close to 120 cubic metres with an income of less than
144 = 0.03 < R =514.67 euros per month are therefore considered to be facing an affordability issue.
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. At first, computing the weight of the water bill for a reference consumption of 120 m* does
not necessarily make sense. It is at best representative of an average situation in some
contexts and not in others (many regions including Reunion Island have an average
consumption greater than 120 m3).

For this reason, the calculation of the income threshold below which the CAR exceeds the 3%
threshold value is now often calculated using the average consumption of households as a
reference point®® . However, the main difficulty with this approach is that the households facing
an affordability issue are likely to be large poor families whose consumption is large and
potentially well above the average.

- In the second place, it is more relevant regarding affordability to work with PAR (Potential
Affordability Ratio), defined as the weight in household income of the minimum expenditure
on water which is computed by applying the tariff to the volumes of water that are required
to meet basic needs.

This indicator can be computed using reference consumption figures, such as those provided by
WHO, but one difficulty is that these values are not necessarily representative for the area in
which the water manager operates. Indeed, basic needs for water are known to vary through the
regions with weather and climatic variables (Rinaudo et al. [2012], Puri & Maas [2020]),
household characteristics (Makki et al. [2015], Schleich & Hillenbrand T. [2009]) and quality of
the water using equipment (Garcia-Valiias et al. [2014], Pérez-Urdiales & Garcia-Valifias [2016],
Pérez-Urdiales et al. [2016]). Moreover, the lack of information on household income still
prevents the water manager from computing the value of PAR for each household in its customer
file and thus taking the actual measure of the problem within the population the water company
is in charge.

Alternately, having an econometric model of (local) household water demand, coupled with the
database used to derive it%°, makes it possible to estimate the distribution of basic needs within
the customer file and, in so doing, estimate the distribution of PAR within the population of the
(local) households, with a number of additional analyses that can be conducted. In particular, it
is possible to:

. compute impact indicators (such as the average of excessive charges)

and, based on the determinants of basic consumption (provided for a part by the econometric
model),

. identify the socio-economic profiles of households that are facing unaffordability,

. identify the consumption factors (including the characteristics of the water tariff) that makes
these households falling into unaffordability.

%9 For instance, the average domestic water consumption in the commune of Saint Paul is 240 cubic metres per year,
i.e. 60 cubic metres per quarter, with a water bill of 63.362 euros per quarter (including VAT) and a household income
threshold of 22 —0.03 <« R =704.02 per month. The interpretation is therefore the same as above, except that

it is for households that are close to the average consumption value, which is also particularly high (double the
national average).

0 And which can always be obtained by surveying subscribers. It should also be emphasised that the use of an
econometric model can be carried out in strict compliance with regulations on the protection of personal data, with
the anonymisation of household data that feeds the Population module.
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In addition,

- the possibility is given to simulate the effects on all these items of a change in tariff parameters
(with all the usual precautions), including the characteristics of the first consumption blocks
when an IBT applies.

All these elements (some of which are implemented by the tool) are clearly useful to inform
public decision making in this area.

The second item is in line with the EU-WFD and focuses on measurement of the incentive effect
of the pricing system, that is its ability to fix households on water-efficient and saving uses. To
gauge the latter, it is therefore expected that the various indicators that are used will rely on
measures of overconsumption. In fact, given the lack of information on the latter, the practice
consists of:

. computing an indicator called the "average price", defined as the amount of the water bill
divided by the level of water consumption,

. identifying the tariff threshold beyond which this average price increases with consumption
(if any),

. comparing the various IBTs on the basis of this tariff threshold beyond which the tariff is
regarded as progressive

(see, in particular, the example of EP tariffs for the communes of Saint Denis and Saint Paul, given
page 40 and the Figure 9 & Figure 10 page 41). The lower the threshold value, the greater the
incentive.

The underlying idea behind the calculation of this indicator is to consider that subscribers react
to the average price, including the amount of the subscription®, and that they will perceive an
IBT as being a degressive tariff, encouraging them to consume more in the first consumption
blocks, where the average price is locally decreasing.

While this model (which is implicitly mobilised when this indicator is used) is sustainable from a
theoretical point of view, the main difficulty is that it is not linked to the measurement of
overconsumption. Alternately, with an econometric model of local household water demand,
there is a room for:

. estimating the distribution of overconsumption within the household customer file,

. assessing the impact of changes in tariff parameters on this distribution of overconsumption,

61 The question of whether or not to include the subscription fee in the calculation of the price perceived is clearly
an open question that needs to be answered empirically. In all cases, it should be emphasised that the ironing
behaviour of households, whether it concerns the graph of the tariff function or the graph of the unit price scale, is
not systematic. For example, when it comes to pricing methods for Internet and mobile phone services, which often
consist of a single fixed charge (or, more precisely, presented as such), it is not uncommon for households to state
that their consumption costs them nothing. While this statement is strictly speaking not correct - in all cases there
is payment of an access fee - households do identify the price they pay for the consumption of an additional unit,
which is effectively zero in this case. This response is therefore entirely consistent with a Nordin-style specification
for which there is an initial consumption block characterised by a marginal price equal to 0 (these flat-rate systems
are in fact often progressive tariffs, particularly in the area of Internet subscriptions, with a relatively high threshold
for the first block to cover basic usage).
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. identifying in this overconsumption a part linked to poor perception of the tariff (allocative
inefficiency) and computing the induced costs of poor management that are borne by the
households.

Here again, all of these elements that are implemented by the tool are useful for assessing, as far
as possible, the performance of the tariff in this incentive dimension. It should also be kept in
mind that IBT scheme, because it presents a certain degree of complexity, is often poorly
perceived by the households and may lead to significant overconsumption.

In fact, almost all the analyses carried out by water managers to assess the socio-economic
performance of the water pricing policy they implement are limited to the two practices just
described (at least, for the most French cities).

It should also be noted that, due to a lack of information on the properties of water demand (the
values of the price elasticities in particular), the stakeholders involved in water pricing setting
have little insight into the financial consequences of revising water tariffs in a context where,
moreover, water and sanitation services are often the subject of a public service delegation
agreement.

In this context, the poor socio-economic performance of current IBTs enlightened by academic
literature (presented in the general introduction to this document) makes the think that water
managers and public decision-makers lack visibility on the socio-economic consequences of the
pricing policies they implement, and even on the features of the decision problem they face to
and that may go against their intuition (such as, for instance, the fact that the correlation
between water consumption and household income is perceived to be strong while it is
empirically weak).

The tool which aims to enable to:
(i) make a clear diagnosis of the gaps, on each of the 5 items related to EU-WFD,
(i) identify through simulation exercises some potential points of improvement,

(iii) highlight the nature and quantify the trade-offs between the various objectives the water
pricing policy has to meet,

focusses specifically on these lacks. It is hoped that the further developments of the tool (that
needs to be improved on numerous aspects) can effectively be implemented in the coming years
to enable it to be disseminated on a wide scale, firstly to stakeholders and, potentially, also to
citizens.
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XIV — ANNEXES

Annex 1: Laws of Demand — Nordin reading
Taking the equation (5.8) given on page 60, the conditional demand of a household located in
Block 2 is given by :
Ing, =Ingy; —0.31In 7z, +0.25In (R, —F + D,)

(14.1)
=Ing, —0.31In7,+0.25In(R, - F + (7, - 7, )k, )

Looking at this formulation, it appears that the price of Block 1, 77,, and the threshold of Block 1,
kl, have an effect on the conditional demand of Block 2 through an income effect and the

change in Nordin's D, D, = (7, —7,)K;, that decreases with 7; and increases with K; :

_aln o _ 0.25 anz _ 0.25 xk, <0 (14.2)
o, ael, R-F+D, on R -F+D,

_olngl 025 D, 025 .9 (14.3)
ok, e, R-F+D, 0ok R —-F+D,

Concerning now the price variation for Block 2:

_8|n o :_0.31+ 0.25 oD, __0.31 0.25 K, (14.4)

X = + X
7, R-F+D, on, 7, R-F+D,
that is the price of the consumption block in which the household is assumed to be located, the
impact combines:
(1) a direct effect that pulls consumption down,
(2) an indirect effect, linked to the increase in the Nordin's D, D, =(7,— )k , that drives
consumption up (trough an income effect).

With a few calculations, it can be shown that the first effect outweighs numerically the second
one, with a total effect that is ultimately negative®? . Moreover, since the conditional demand
function (14.1) does not depend on the price of block 3, the price of block 4 ..., nor the tariff

thresholds kz, k3 ..., it appears that variations in these parameters have no impact (locally).
Focussing now on the case of a consumer located in block 3 for whom:
Ing, =Ingy —0.31In 7z, +0.25In (R, — F + D)

(14.5)
=Ingy —0.31In 7, +0.25In (R - F + (7, — 7, )k, + (7, = 7, ) k, )

62 In demand theory, this income effect linked to a price variation generally emerges as soon as the agent's dotations
are impacted by this variation. For this reason, the negative impact of the marginal price z; on the conditional

demand of Block j can be considered as "usual".
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it appears that:

- the price of Block 2 will now have an impact on water demand through an income effect:

oIng;| 025 oD 0.25
— I = X 3 = — X
or, | R-F+D, 67, R-F+D,

(k,—k,) <0 (14.6)

giels

- what will henceforth play the role of price is the price of Block 3:

olg| _ 031 025 oD, 031 _ 025
7, R-F+D, om, 1, R-F+D,

xk, <0 (14.7)

(marginal price) with an effect that proves to be ultimately negative;

- the impact of the Block 2 threshold, given its effet on the value of Nordin's D (of Block 3), is no
longer equal to 0 with:

ding| __ 025 oD, 025
ok, | R-F+D, ok, R-F+D,

(7y3—m,)>0 (14.8)

giels
The effects of 7z, and K; are, moreover, similar to those given by (14.2) and (14.3) once the

denominator evaluated at R—F +D,.

Note The calculation of the impact:

__(i%J
giel qi a7Z.h

for h varying from 1 to p and i varying from 1 to n, take precise numerical values for each
household in the Population file, given the features of the tariff that is evaluated/tested by the

_Olng;
or,

(14.9)

qielj

user. This information can be used to assess the impact of a small change in price 7, by applying
the following formulae:

ﬂ[] dlng

x A 14.10
0 ory, i ( )

giel;

that gives the percentage variation in consumption of household i following an increase in the
price of Block h of A7, euros (to a first approximation). Similarly, the impact of a small variation

in the block threshold K, can be assessed by making use of a similar relation that writtes:

ﬂ[] ding,

Ak 14.11
q ok |, (411

giel;

The values obtained can be interpreted as giving (to a first approximation) the variation in
household i's consumption, in %, following an increase in the threshold K, of AK, cubic metres.
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Annex 2: Usual statistical indicators - methodological elements

With regard to the interpretation of basic statistical indicators, it should be remembered that the
arithmetic mean of a statistical series gives the value of the variable of interest when all
individuals are identical / have the same value of the characteristic (with heterogeneity then
equal to 0). In concrete terms, the figure of €1.39 for the IBT reported in Table 5 indicates that,
if all households faced the same affordability deficit, each household would overpay by €1.39 per
quarter on its water bill (which may or may not include a payment for collective sanitation).
Compared with the TBSE, for which this average value is €17.47 per quarter (literally, if all
households faced the same affordability problem, each household would pay the sum of €17.47
too much, per quarter, with the implementation of the TBSE), the implementation of the IBT
therefore results in a substantial reduction in unaffordability (which is divided by 12.6 compared
with its reference value). Naturally, this assessment of the performance of the IBT needs to be
refined on a number of points.

The first is that, because it is calculated on the household population as a whole, this figure
includes in its scope of calculation the population of household subscribers not facing an
affordability issue, i.e. those for whom the affordability deficit is equal to 0. It is then natural to
complete the value of the average by calculating an average for the sole population of
households facing an affordability issue, equal in this case to 17.69 euros for the IBT and 53.33
euros for the TBSE. Literally:

« If all households facing an affordability issue with the IBT that is assessed/tested by the user
faced an issue of the same magnitude, all these households (that do face an issue) would
overpay €17.69 per quarter on their water bills (the latter may or may not include a payment
for collective sanitation),

and, compared with the TBSE for which this average / identically distributed value is €53.33 per
quarter, the impact on the actual affordability deficit, while still significant, is now only 3.0
(compared with 12.6 for the apparent affordability deficit).

The second factor is that the comparison of effective averages for IBT and TBSE is based on
populations of different sizes, unlike the average for apparent affordability (for which the field is
identical). In this respect, it is important to be able to assess the tariff's ability to lift households
out of unaffordability by comparing its heacount ratio with its TBSE reference value. Literally, the
comparison of the IBT and TBSE figures shows that the IBT tested/evaluated here by the user
takes 32.8—7.9=24.9% households out of unaffordability, while reducing the amount of
excessive charges by 53.33-17.69=35.64 euros per quarter for households that remain
unaffordable.

Remark Households that are unaffordable under the IBT may not be unaffordable under the TBSE.
In other words, the implementation of a IBT may result in households becoming unaffordable
that were not initially unaffordable with the TBSE. This could be the case for households with
high basic consumption levels who would be faced with an IBT for which the subsidised
consumption blocks are small and the tax (margin) rates on high consumption levels are high. For
more advanced processing of the data, the net number of exits from unaffordability should
therefore be broken down into its two gross components: the number of exits from
unaffordability minus the number of entries into unaffordability. In practice, as these cases are
rare, particularly in view of the fact that subsidies on the right of access are often quite high, the
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tool does not display any particular information on this item, and the user (who always has the
option of exporting the data) is advised to supplement these figures with additional analyses
relating to the socio-economic composition of households facing an affordability issue (what the
tool is doing by providing in the third stage of the analysis, the percentage of poor households
within the group of households facing an affordability issue).

The third element is that these two factors both play a role in the (in this case significant) fall in
the apparent affordability deficit, which is itself equal to the product of the Heacount ratio of
households multiplied by the effective affordability deficit (see equations (7.5) et (7.6)). One can
quantify the contributions of these two factors to reducing unaffordability by approximating the
percentage fall in the affordability deficit by the sum of the (here negative) growth rate of the
Household Headcount ratio (extensive dimension) and the (here negative) growth rate of the
actual affordability deficit (intensive dimension). Given its approximate nature (with an
approximation that is all the more satisfactory the smaller the relative variations), this (simple)
manipulation is left to the care (and appreciation) of the user.

Next, having established these first trends, it is clear that not all households face the same
affordability problem. In particular, there is heterogeneity (which is totally masked by the
average figure) and this needs to be measured. To do this, one possible approach is to measure
the distance between the statistical series of (apparent / effective) unaffordability available to
us, for example :

Next, having established these initial findings, it is clear that not all households face the same
affordability issue. In particular, there is heterogeneity (which is masked by the average figure)
that needs to be measured. To do this, one possible approach is to measure the distance between
the statistical series of (apparent / effective) unaffordability, for instance:

e = (elPAR_IBT
(PAR IBT unaffordability series) and a theoretical one in which all individuals would be identical,
and present an affordability deficit equal to the average unaffordability:

, egAR_IBT @PAR_IBT ) (14.12)

1o+ S

§PAR_IBT = (§PAR_IBT 1 EpaR 1BT 1+ €PAR_IBT) (14.13)

with :

_ 18 1

Coar BT = n ZeiPAR_IBT - n Z max |:TIBT (9. ) —3%R;, 0] (14.14)
i=1 i=1

(and a user value of 3% for the threshold above which the household is considered to be facing
an affordability issue for the PAR criterion). For these purposes, a natural response is to calculate
the average of deviations from the arithmetic mean (MAPE):

18 _
MAPE (ePAR_IBT ) = H Z‘,|eiPAR_IBT ~€oar BT (14.15)
i=1

that is the value of the distance (in euros) separating each household from the average
unaffordability if all households were at the same distance from the average unaffordability®? . A

63 Based on a population of 100 households, half would be below average, the other half above.
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second indicator, spontaneously less natural but systematically used, consists of calculating the
root mean square of the deviations from the arithmetic mean or standard deviation:

. % Zn:(eiPAR"BT ~Bopr et )2 (14.16)
i=1

also equal to the square root of the variance:

v (ePAR_IBT ) = %i(eiPAR_IBT —€oar 18T )2 (14.17)

i=1

(itself defined as the average of the squares of the deviations from the arithmetic mean). These
two indicators, MAPE and standard deviation, refer to two different notions of distance, namely
the Taxi distance :

PAR_IBT =

= _ PAR_IBT _ =
dt (ePAR_IBT ) ePAR_IBT ) = |e1 - ePAR_IBT

|+ |es Cor ot |+ F

gPARIBT _ & | (14.18)

n ePAR_IBT

and the usual (Euclidean) distance :

d (ePAR_I BT EPAR_lBT ) = \/ ( elpAR_IBT - €PAR_lBT )2 + (e: ARIBT €PAR_l BT )2 +...+ (eiPAR_IBT - EPAR_IBT )

(14.19)

2

to measure the proximity between 2 points (in this case of dimension n) which are the series of
unaffordability actually available:

e— (elPAR_IBT ’ e:AR_IBT o e:AR_lBT ) (14'20)
and the one that would appear if everyone was identical:
R (. Bopm o7 ) AVEC By g = = > P (14.21)
pAR_IBT — \ Cpar BT Cpar 1BT -+ 1 CpAR IBT €par BT = Hzei .
i-1

i.e. if the household heterogeneity of unaffordability were zero. As apparent, we have indeed:
dt (ePAR_IBT ) EPAR_IBT ) =nxMAPE (ePAR_IBT)

d (ePAR_IBT J §PAR_IBT ) = \/ﬁ x O-(ePAR_IBT )

Literally, MAPE and standard deviation measure, equal up to a constant, the Taxi/Euclidean
distance between the actual series and the series in which everyone would be identical. As such,
these indicators are effectively, in the first sense of the term, a measure of household
heterogeneity concerning the affordability of the EP / EPA tariff system.

As a general rule, the standard deviation indicator is preferred, notably because it is linked to the
variance, which has the advantage of being decomposable into the sum of intra-group
heterogeneity and inter-group heterogeneity (unlike MAPE, which is not). As this variance
decomposition is implemented at a later stage in the analysis, the tool displays also the value of
variance to make the link with subsequent processing (but, in terms of interpretation, the value
of the standard deviation, whose unit of measurement here is in euros, is to be preferred (unit
of measurement if variance is here in euros squared)). Data from Table 5 show that, compared
with the TBSE, the implementation of the IBT leads to reductions in individual heterogeneity in
terms of unaffordability both in the general population (with a MAPE that falls from €24.49 to
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€2.57 per quarter and a standard deviation which falls from €31.83 to €6.21 per quarter) as well
as for the only population affected by unaffordability (the MAPE then falls from €30.19 to €11.25
per quarter and the standard deviation from €34.17 to €13.22 per quarter).

Finally, and to conclude with these methodological aspects (which govern the selection and
interpretation of these basic descriptive statistics indicators relating to this first level of analysis),
it should be noted that variations in the mean play a role in variations in the standard deviation
(or variance) in a context where, strictly speaking, the comparison of standard deviations (or
variances) is fully satisfactory only when the two statistical series have the same mean (otherwise,
the difference in means also plays a role in the difference in variances). It is then possible to take
account of this effect (on heterogeneity) linked to the variation in the mean by calculating and
comparing the coefficients of variation of the variable of interest, defined as the ratio of the
standard deviation (here, of affordability) to the mean (here, of affordability). This comparison is
based on a specific operation ("data resizing") which is presented in the box below. In this case,
it shows that, in relative terms, i.e. in relation to the average for the situation under consideration,
the (relative) gaps have increased with the switch from TBSE to IBT. One can use this information
to state that, based on a constant mean, the affordability gaps would be greater with the IBT
than with the TBSE.

Box - the coefficient of variation Consider 2 series of unaffordability:
X= (X, X500y X,)
Y=Y Yarer Y)

with, for example, the first that refers to IBT unaffordability while the second refers to TBSE
unaffordability with X <y (see above). Next, to compare individual heterogeneity (variance,

standard deviation) with a constant mean, the data needs to be rescaled so that the two series
have the same mean. To do so, one possible operation is to multiply all the affordability deficits
X; of the series X=(X,,X,,...,X;) by the same coefficient k = y / X >1, to obtain a new series:

x'=(x1’,x;,...,x;)=(k><x1,k><x2,...,k><xn)=(¥xxl,%xxz,...,

(multiplicative transformation) which has the same mean as the series Y = (yl, Yoreens yn) :

XX=Y

x| <

7’=£anxi'=izn:kxxi =kx[lzn:xi)=kxi=
N5 Nz Nz

It is also to note that, with this operation on the data, the relative structure of unaffordability
within the series X' = (X/,X;,...,X}), by verifying:

X

[
X;

k x X X
S8 A foralli=1...,nand j=1....n

k><xj X;

is not affected by this operation, i.e. if the affordability deficit of household i is initially twice as
large as the affordability deficit of household j, the affordability deficit of household i is still twice
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as large as that of household j after the data has been rescaled. Once this rescaling operation
carried out, it is now possible to make a constant mean comparison of the variances of the
affordability deficits of the series X' =k-X et ¥, V(x') and V(y). Given the properties of the
variance, it is known (i) that the heterogeneity of the affordability deficits in the rescaled series
X'=K-X has been multiplied by k? with here:

2

V(x')=V(k-x)=k2><V(x)=[%j XV (X) >V (X)

X
(because k >1< ¥y > X ) with (ii) a variance ratio equal to:
V(x'>_kzxv(x>_kZXV(x>_(zJ2xa_f_(zjzx O 2{&)1 1oy
V) V() viy) \x) of (x) lo X) (o,1y) %
therefore equal to :
Vo) _[ev, )
V) o,

Under these conditions, the heterogeneity within the series X can be described as relatively
stronger (respectively relatively weaker) if its coefficient of variation :

is higher (respectively lower) than that of the Y series:

o,
cv, =—

Ty

In addition, we have :
V(X) V() XV(X')_ V (x) | OV 2_ix CcV, 2_ X zx Ccv, i
V() V(X) V() KkKxV(x) (cv, ] k* |cv, ) |y cv,

& V(x)=[§j X(EZJ <V (y)

X cv,
= O, =—X
y o,
This last relationship establishes (i) that the direct comparison of standard deviations is indeed
biased by the fact that the two series do not have the same mean and, once corrected for this
bias, (2) that the ratio of the coefficients of variation makes it possible to infer (and quantify) the

XUy

increase in the heterogeneity of the unaffordability between the two series X = (X, X,,...,X;)

and y:(YPyz’---’yn)- u
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Annex 3: Group Decomposition of Gini index

A3.1 Gini Index — A reminder

A) Notations The following notations are used:

(1) P ={1,2,...,n} the population of statistical units (individuals, households, etc.) indicated by

the letter J,

(2) X; the value taken by the variable of interest, in this case the amount of unaffordability (also
known as the affordability deficit) for household i,

(3) X=(X, X,,...,X;) the series of affordability deficits in the population P, ordered from smallest

to largest value with 0 < X, <X, <...<X_, also known as the Parade de Pen (of the affordability
deficit).

(4) X =X +X,+...+ X, the total affordability deficit,

(5) F =1/n the position of agent i (or normalized rank or fractional rank), i varying from 1 ton,

in Pen's parade X= (X, X,,...,X,),

(6) 1 =X the average affordability deficit of the population P :

+X,+...+X d
— X 2 n zlxzxi
n n s
therefore, the value of the affordability deficit if all households faced the same affordability
deficit, taking into account the value of total unaffordability X (equal sharing of a "pie" of size
X);

(7) @, the share of total unaffordability X =X +X, +...+ X, supported by household i :

ai:X1+X = A (14.22)
2 cee n ZXI

i=1
for ivarying from1to n,
(8) A the cumulative sum of the shares &, ..., ¢, :

XXt tX XXt X
X A X+ X X nu

A=a+a,+...+0,= (14.23)

forivarying from1 to n,

(9) A =L(F) the Lorenz curve associated to Pen's parade X=(X,X,,...,X;) (in fact, its linear
extension),

(10) i the Gini index (approximately twice the area of concentration) of unaffordability for the
general population P . See Figure 52, page 254.
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B) Calculating the Gini index One possible method (referred as the "trapezoidal method")
consists in calculating :

A+
1—2% (14.24)
The secund proceeds with the following formula:
. A 1 &L
|:—_=—><— X —X. (14.25)
2X 2X n’ ;,Z] |

with A the average of inter-individual gap (here, of affordability deficits).

Numerical example For Pen's parade of unaffordability X=(X,X,,X;) = (100,200,300) , with
X, =100 the affordability deficit of household 1, X, =200 the affordability deficit of household 2
and X; =300 the affordability deficit of household 3. Table 3.1 is drawn upon first. The Lorenz
curve (shown in Figure 52, page 254) is constructed from points (0,0), (F,A)=(5.3),

(F,,A)=(%,%) and (F,,A)=(11), and the calculation of the Gini index (using the trapezoid

method) gives | = £ =22.2% . This value is also equal to that obtained by applying formula (14.25)
to the matrix of inter-individual differences in affordability given in Table 3.2 with :

0+100+200+100+0+100+200+100+0 800

1 n n
A= D [ =%[= 7 =79

n i=1 i'=l
and 1= a__1 X 800_2 .
2X 2x200 9 9
| X R o | A AL fix(A+AL)
1 100 13|13 |16 |1/6| 0 |35x(0+3)=%
2 200 1/3|2/3(2/6|3/6| 1/6 | sx(3+1)=42
3 300 /3] 1 | % | 1|36 | tx(+)=3
z 600 1 z
=20 =200 i=1-1=2

Table 3.1 : Calculation of the Gini index using the trapezoid method - example

= x| | 1(100) 2 (200) 3 (300)

1(100) | [100-100/=0 100200/ =100 | [L00—300|= 200
2 (200) | [200-100|=100 | |200—200|=0 |200-300| =100
3(300) | [300-100|=200 | [300—200|=100 | [300—300|=

Table 3.2 : Calculating the Gini index from the matrix of inter-individual gaps (affordability deficits) — example

Analysing the socio-economic performance of Water Pricing Policy




*

INN WATER

o7t

1

o

T

01t |

Figure 52

08+

05T

N

o1t |

Figure 53

Analysing the socio-economic performance of Water Pricing Policy




‘
INN WATER

C) Properties In the discrete case, (i) the maximum value of the Gini index (which occurs when
"one agent has everything, the others have nothing") is givenby i = 1 — % withi = 1asn - oo,
and (ii) the minimum value (which occurs in the egalitarian case) is given by 0 (with a Lorenz curve
which coincides with the 45° line / the equality line).

Numerical lllustration — continued Starting from Pen's parade X = (X, X,, X;) = (100,200, 300),
one transfers the affordability deficits of households 1 and 2 to household 3 to obtain the
distribution X' = (X{, X£1X§) =(0,0,600) . voir alors (i) Figure 53, page 254, with the Lorenz curve
that changes (blue curve), (ii) Table 3.1 that becomes:

i X ol R | A A fix(A+AL)
1 100 /3|13 0 | o | 0o | $x(0+0)=0
2 200 1/312/3| 0 | o | 0o | 3x(0+0)=0
3 300 /3] 1| 1| 1|0 | 5x(1+0)=3
> 600 1 3

=520 =200 i=1-1=2

and (iii) the new value of the Gini index, which is equal to 1—% =1—% = % . In the other polar case,
which is that of equality, obtained by transferring the 100 of unaffordability from household 3 to
household 1, we have X" = (X, Xy, X;) = (200,200,200) and Table 3.1 that becomes:

i X FLR o | A AL fix(A+AL)
1 200 131131313 0 | 5x(3+0)=5
2 200 13 2/3 132313 | +x(3+3)= %
3 200 13| 1 (13| 1 |2/3| tx(1+%)=2
) 600 1 $+1+3 :1
=50 =200 i=1-1=0

and the Gini index that is equal to 0. As apparent, the Lorenz curve (in fact, its extension by
linearity) merges with the 45° line in this case (with the area of concentration that is equal to 0).
For the sake of completeness, it should be noted that, in the polar case where inequalities are
maximal, the table of inter-individual gap is of the form :

x| | 100 2(0) 3 (600)

10) |]0-0]=0 0-0/=0 |0—600| = 600
200 | [|0-0/=0 0-0/=0 |0—600| = 600
3 (600) |600—0| =600 |600—0| =600 |600—600| =

Analysing the socio-economic performance of Water Pricing Policy




‘
INN WATER

with therefore:

A, __ 1 0+0+600+0+0+600+600+600+0 1 2400 6 2
2%, 2x200 3 2x2000 9 9 3

I,

At the opposite, if total unaffordability (of 600) is distributed equally among the 3 agents, the
table of inter-individual gap is of the form:

% —x| | 1(200) 2 (200) 3 (200)

1(200) | [200-200/=0 | [200—-200/=0 | [200—200|=0
2(200) ||200-200/=0 | |200-200/=0 | [200—200|=0
3(200) ||200-200/=0 | |200-200|=0 | [200—-200|=0

with A; =0 and i, =A,/9=0. m

A3.2 Decomposition of Lambert & Aronson [1993]

A) Additional assumptions and notations The population P (of n households) is divided into K
subgroups P, P,, ..., P, indicated by the letter j with:

(11) n; the size of group j;

(12) fj the weight of sub-population j in population P :

f=d (14.26)
n

(13) X. =(Xi;, X:,,..., X;.) the Pen's parade of unaffordability within group j,
i j1r g2 in

(14) X, = u; the average unaffordability deficit of groupj:
i Hi

nj X

i
nj iz n;

x|

Hi=

with X;; the affordability deficit of household i member of the group j and:

X, :inj =Nx 4, (14.28)
i=1

the total affordability deficit of group j,

(15) a; the share of the affordability deficit supported by groupj:
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X nyxu

o = =, il (14.29)

_J_
X nx u 7
(16) i; the Gini index of group j.

B) Identifying the within component It is to identify the contribution of within-group inequality
to total inequality as measured by the Gini index:

=2k 3 S

2X n° o
The starting point is the table of inter-individual affordability gaps on the next page, in which
individuals are ranked (i) in ascending order of the average affordability of the group to which
they belong, i.e. in ascending order of average affordability deficits 4 < 4, <...< 44, , next (i) in
ascending order of the affordability deficit within their group they belong (lexico-graphic Pen's
parade). On this basis, the affordability deficit gaps |Xi —Xi.| for individuals i and i’ belonging to
the same group j, j=1...,k areidentified with therefore:

_X_ZZZ|XJ' ol (14.30)

2X n° T

(“w” pour within). Next, we have:

j=1i=1 i'=1 n®xX Jxlu] j=1i=1l i'=1l JX/JJ'
k NN X. X — X k o0y X — X

=222 f X_JX|12—J =2 fie ><|Jz—J (14.31)
=1 i=1 i=1 X 2nj X H; j=1i=1 i<l 2nj XH;

A;

iJ' <. nZ ZZ|XJI ji' | (14.32)

2X X- Ny i o

the Gini index for group j (calculated from the matrix of inter-individual differences for group j).
In fine, the intra component of the Gini index is measured by :
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1:1 1:2 Iin 2:1 2:2 2:n,
1:1 |X11_X11|:0 |X11_X12| |X11_X1nl| |X11_X21| |X11_X22| |X11_in2
1:2 |X12_X11| |X12_X12|:0 |X12_X1n1 |X12_X2n2
Iin |X1nl_xll| |X1n1_X12| |X1rh_xlnl|=0 |X1nl_X21| |X1"1_X22| |X1”1_X2"z
2:1 | Xy =Xy [Xo1 = X, |X21_X1n1 Xor = Xpg| =0 | [Xpy = X5 |X21_X2n2
2:2 |X22 - X11| |X22 - X12| |Xzz _X1r11| |Xzz - X21| |X22 _X22| =0 |Xzz — Xon,
2: nz in2 _X11| inz - X12| X2n2 _X1n1| in2 - X12| inz - X22| in2 _inz =0

Table 71 : Matrix of inter-individual gaps in affordability deficit with group ranking, next individual ranking ("lexico-graphic Pen's Parade")

Analysing the socio-economic performance of Water Pricing Policy




‘

INN WATER
k

i, = > W, xi, (14.33)
j=1

with W; = ijtj ,j varying from 1 to K, the weight to be assigned to the Gini index of group j, ij ,

in calculating the within component iW of Gini index i for population P as a whole. It is to note
that the within component of Gini index is written as a weighted sum (and not a weighted
average) of the various Gini index of sub-groups P, P,, ..., P..

B) Identifying the between component The difference i—iw measures, by construction, the
proportion of inequalities that is not due to intra-group inequalities. This non-intra component
proves to be the sum of two other components, including an inter-group component ib ("b" pour

between) linked to the gaps in average unaffordability deficit between the groups 4, 4,, ..,

H, . This between component is simple to calculate. It corresponds to the Gini index calculated
on the "Between" Pen's parade:

B:(X111X12"”’X1nl1X21'X22"”1X2n2"”1Xkl'Xk21“”Xk,nk)

=(M1M1---1Mlﬂ21ﬂ21ﬂ2"'1,112’~~'1,le1uk1uk1”'1ﬂk)

with 1 < u, <...< 14, the average affordability deficits of the sub-groups, ranked from the
lowest one to the highest one.

C) Identifying the transvariation component The second part of the non-intra component - iw

is the Transvariation component it , linked to the overlap of Pen's parade of unaffordability of
sub-groups:

X1:(X11’X12!---1X1n)

Xy = (Xo0, Xopree0y X))

Xy

(Xt Xize -+ Xn)
Since the sub-group decomposition of the Gini index is exact with:

=10, +1, +1, (14.34)

this Transvariation component can be computed by balance (this result is due to Lambert &
Aronson [1993]).

D) Visualising the decomposition Following the "Introducing inequality in stages" methodology
of Lambert [2001], one can visualise the decomposition of the Gini index (which measures the
transition from the equality line to the original Lorenz curve) using the following procedure:

Step 1 Starting from a situation of equality where all households face the same affordability
issue :
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= (X Xigoe oo Xy s Xog0 Xag0 oo X veees Xiegs X vos Xy )
=y ooy iy iy ey ooy Jy .y L)

(with a Lorenz curve that merges with the 45° line), inter-group inequalities are introduced (i) by

(14.35)

assigning to each individual i the mean of its reference group 4, (ii) by ordering the nindividuals

according to the sub-group average values f4 < 1, <...< /4, to get the "Between" Pen's Parade:

B=(xll,xlz,...,xlnl,x21,xzz,...,x2n2,...,xk1,xk2,...,xk’nk)

(14.36)
=(M|M1---’Mlﬂ2’ﬂ21---1#21---1#[(:/1[(1---1/1[()

and (iii) to construct the related Lorenz curve, A= Lb(F) . The Gini index associated with this B
Lorenz curve :

= [ (F-L(F)WF (14.37)

corresponds to the Between component of the original Gini index.

Step 2 Starting from the "Between" Pens Parade, individual heterogeneity is introduced by
ranking individuals within their reference group according to the value of their personal
affordability deficit to obtain the lexico-graphic Pen's Parade:

LeX = (Xyp, Xigse-es Xug s Xo1s Xgreves Xan, veees Xyas Xgree o X ) (14.38)

and, next, the graph of the unaffordability concentration curve, A=L,, (F), that is related to
this specific lexico-graphical ranking of household. The difference between (i) the area of
concentration associated with the graph A= Llex(F) and (ii) the area of concentration associated

with the graph of A=L,(F), thatis :

1 1 1
[ (F=Lo(F))dF =] (F - L (F))F = [ (Ly(F) - L, (F))dF (14.39)
measures the within component, denoted iw, of the Gini index i.

Etape 3 Strating from the lexico-graphic Pen's Parade and the related concentration curve
A= Llex(F) , some households in groups with the lowest average affordability deficits may have

an affordability deficit greater than those of some households in groups with the highest average
unaffordability deficit. Reranking households according to the value of their personal

unaffordability deficit leads to the original Pen parade X = (X1, Xz,.--,Xn) and the related original
Lorenz curve A= L(F) . The difference in areas:

I:(F —L(F))dF —Ll(': — Ly, (F))dF = I:(L|ex(F) —L(F))dF (14.40)

accounts for the impact on the Gini index of this re-ranking of households to return to the original
Pen's parade / Lorenz curve and, as such, accounts for the Transvariation component of the Gini

index it , linked to overlaps in the conditional distributions of unaffordability deficit. See Figure
54, on the next page (the variable of interest is the CAR affordability deficit in the general
population (0 included), with i =0.827, i, =0.370, i, =0.356, i, =0.356 and i, =0.101).
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o 10 20 0 40 50 60 70 B0 90 100

—8— 45" [Droite d'Egaliné) —&— Lorenz Popul ation —8—Lorenz Between Concentration “lexico™

Figure 54 : : breakdown of the Gini index of Apparent CAR Unaffordability (0 included

E) Numerical example 2 groups of of 3 individuals with affordability deficits set to 100, 200 and
300 for the first subrgoup, and to 200, 400 and 600 for the second subgroup, are considered.
Households are indiced by 1, 2 and 3 for group 1, and by 1', 2' and 3' for group 2. The calculation
of the Gini index for the population as a whole is performed as follows:

! % f F % A Ay | fix(A+AL)
1| 100 | 1/6 | 1/6 | 1/18 | 1/18 0 +x(£+0)
2 | 200 1/6 2/6 | 2/18 | 3/18 | 1/18 | ix(2+3)
1" | 200 1/6 3/6 | 2/18 | 5/18 | 3/18 | ix(3+3)

3 | 300 1/6 4/6 | 3/18 | 8/18 | 5/18 | Ex(E+32)
2’ | 400 1/6 5/6 | 4/18 | 12/18 | 8/18 | +x(2+2)

3| 600 | 1/6 1 6/18 1 | 12/18 | tx(1+%
¥ | 1800 | 1 1 1
X =156 =300 i=2=0.296
Table 3.3

One will note that individuals are ranked according to the value of their affordability deficit, from
the smallest one to the largest one, with individual 3 in group 1 having an affordability deficit
greater than the one of individual 1' in group 2, in a framework where the affordability deficit of
group 2 is, on average, greater than the average affordability deficit of group 1. In addition;
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(i) Calculation of the Gini index for group 1 The distribution of unaffordability for group 1,
X, =(100,200,300) , is identical to the one considered above. We have therefore i, =0.222

(i) Calculation of the Gini index for group 2 As shown in Table 3.4, we have I, =0.222 with,
therefore, i2 =i1, what is an expected result because (i) the distribution of group 2 satisfies

X, =(200,400,600) = 2-x, = 2-(100,200,300) , and (ii) it proves that the value of Gini index does
not change when the values on which it is calculated change proportionnaly®.

(2) Calculation of the Between component The affordability distributions for groups 1 and 2 are
given by X, =(100,200,300) and X, =(200,400,600) , with 4 =200 et 1, =400 . The

calculation of the Between component of Gini index is then based on the "between" Pen's
parade :

B = (X0, Xips Xear Xous Xogo Xga) = (L £ s s s 11,) = (200, 200, 200, 400, 400, 400)

in which (i) each household is assigned the average of its reference group and (ii) households are
ranked on the basis of the values of the group averages. The result is |, = 0.167 as detailed in
Table 3.5.

(3) Calculation of the Within component Returining to Table 3.5, one reintroduces individual
heterogeneity while maintaining the ranking on the average value of the subgroups. The

calculation of what constitutes a Quasi- Gini index gives I,,, =0.278 (see Table 3.6 for details of
the calculation). The point is that the difference between this affordability deficit concentration
index (in relation to the lexico-graphical order) and the affordability deficit concentration index
in relation to the order on the subgroup averages, that is :
. 5 1 2 1
b= 2 Ta"a

18 6 18 9

is precisely equal to the intra component of the Gini index for which we have :

1

f—f ==

1 2 2
X, 600 1
al:—z—:—
X 1800 3
X, 1200 2

a, —— ==
X 1800 3

. . . 112 (1 2)2 1 2 3 1
Iw=f10£1><ll+f20{2><I2= EXg X§+ EXE X§:E+E:E:§

64 Multiplying the values of the variable of interest by A does not modify the Lorenz curve and, in so doing, does not
modify the area of concentration, nor the double of this area of concentration, what corresponds to the Gini index.
This property is interpreted as stating that the inequality mesure depends only on relative unaffordability x;/x, i =
1,---,n, and, accordingly, will not change whether the affordability deficit is measured in euros or euro cents.
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i X fi Fla | Al AL Tix(A+AY)
1/ 200 1/311/3|1/6|1/6| 0 | $x(O0+3)=3%
2’ 400 1/312/3|2/6 3/6| 1/6 | $x(E@+8) =%
3 600 13| 1 | % | 1 |3/6| $x@+ 3) =3
) 1200 1 3
X, = 22 i, =1-%=2
Table 3.4
[ X; f. | K «; A AL fix< (A +AL)
1 200 1/6 | 1/6 | 2/18 | 2/18 0 sx(&+0)
2 200 1/6 | 2/6 | 2/18 | 4/18 | 2/18 Lx(£+2)
3 200 1/6 | 3/6 | 2/18 | 6/18 | 4/18 sx(&E+%)
1’ 400 1/6 | 4/6 | 4/18 | 10/18 | 6/18 x5+ 1)
2 400 1/6 | 5/6 | 4/18 | 14/18 | 10/18 sx(5+12
3 400 1/6 | 1 |4/18| 1 |14/18 txA+%
) 1800 1 1 3
X = 182 — 300 i,=1-2=1=0.167
Table 3.5
| X f; F &; A AL fix<(A+AL)
1 100 1/6 | 1/6 | 1/18 | 1/18 0 +x(£+0)
2 200 1/6 | 2/6 | 2/18 | 3/18 | 1/18 tx(E+5)
3 300 1/6 | 3/6 | 3/18 | 6/18 | 3/18 £x(5+13)
1 200 1/6 | 4/6 | 2/18 | 8/18 | 6/18 £x(F+13)
2’ 400 1/6 | 5/6 | 4/18 | 12/18 | 8/18 sx G +5%)
3 600 1/6 | 1 |6/18| 1 |12/18 %x 1+
) 1800 1 1 =
X = 182 — 300 i, =1-12=2-0.278
Table 3.6

(4) Returning to the table above, it appears that the re-ranking of households according the value
of their personal unaffordability brings back to Table 3.3, and the value of the Gini index. In this

respect, the difference:
8 5 16-15 1

i
& ~57718 54 54

corresponds to the Transvariation component, that is to the contribution (to the value of the Gini
index for the population as a whole) generated by the overlap of the distribution of affordability
deficit of group 1 on the distribution of affordability deficit of group 2, with the affordability
deficit borne by individual 3 in group 1 greater than the one borne by individual 1' in group 2, in
a context where affordability deficit of group 1 is, on average, lower than the one of group 2.
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A3.3 Additional analysis - Decomposition of Dagum [1997]

A) Measuring inequalities between two groups - the inter-group Gini index The problem here
is to measure inequalities in affordability deficit between the members of two groups, for
instance group 1 and group 2, using the inter-group block of the matrix of inter-individual gaps:

2:1 2:2 2:n,
111 |X11_X21| |X11_X22| |X11_X2nz
1:2 |X12_X2n2
l:n |x1nl —x21| |x1nl—X22| |X1nl_X2n2

Table 3.7

For these purposes, one uses the inter-group Gini index defined as:

A
I, = —%— (14.41)
Mt L,
with:
1 NN
Ap=—>>1|%; =Xy | (14.42)
n1n2 i=l i'=l

the average of the inter-individual inter-group gap (here, of affordability deficit).

Example Returning th the data of the previous numerical example, the block of the inter-
individual gaps between the members of group 1 and the members of group 2 is written as:

X,, = 200 X,, = 400 X5 = 600
X, =100 |100 - 200| =100 |100 - 400| =300 |100 - 600| =500

X, = 200 |200 - 200| =0 |200 — 400| =200 |200 - 600| =400
X, =300 |300 - 200| =100 |300 - 400| =100 |300 - 600| =300

The calculation of the inter-group Gini index gives ,, =200, u, =400, and ;

~100+300+500+0+200+400+100+100+300 2000
3x3 9

By _ 1 2000_10 .0

i12 = = X =
+u, 2004400 9 27

A12
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Justification of the measure One starts from the identity :
X, + X, | = X, +X, —2min[x;, X, |

The sum of the inter-individual inter-group gaps can then be rewritten as :

iib‘iu _XZi'| = ii(xli + Xy _zmin[xii’XZi'])

i=1 i'=1 i=1 i'=1
L) m M m N
=D Xt D X =2 3 min[x, Xy |
i=1 i'=1 i=1 i'=1 i=1 i'=1
N
_inuzl"'znzﬂz Zzzmln[xlw 2|

i= i'= i=1 i'=1

= 1Mxn2+nl><nzy2—ZZZmin[xﬁ,XZi.]
i1 i
n N
=N, % (4 + 1, ZZme[xll, -

i=1 i'=1

Accoridngly, the average of the inter-individual inter-group gaps verifies:

D)) RS LY 3) ST LSy

nn, i ia nn, =i

and we have:

1
A12 —

=1- ZZmln[xl,, -

Myt A nn, X(ﬂfﬁ”z )

This statistic (which corresponds to the definition of the inter-group Gini index given above) takes
its maximum value, equal to unity, when "1 person has everything and the others have nothing"
because, in this case min[x;, X,.]=0 for all | and i

B) Economic distance (and overlap ratio) In the following, it is considered that ., > ,, and one
separates the average inter-individual inter-group gap A,, into its two components that are:

(1) A, : the proportion (of the average inter-individual inter-group gap) corresponding to
unaffordability pairs (x,,x,,.) for which x,,. > x, (and that conform to the trend / the order on
the averages u, > 11,)

(2) A, : the proportion (of the average inter-individual inter-group gap) corresponding to
unaffordability pairs (x,,x,,) for which x, > x,,. (which is at variance with the trend / the order
on the averages u, > 1, ).

Next, it is defined:
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(3) Economic distance
d, = AIZ —A, — Afz —A,
AlZ AIZ +AJTZ

(14.43)

that varies from 0 (in the polar case z, =y, for which A, =A;, =A;,/2) to 1 (with therefore
A, =A, and A}, =0).

(4) the overlap ratio :

+ A + A - -
}/12 =1_d12 =1- A12 AlZ =1-— AZI;2 AiZ — 2A12 — AlZ (1444)
AlZ AlZ + AlZ A12 A12 / 2

with A, /2 the maximum value of A, ®.

The final point lies in the following property :

Property For the "Between" Distribution for which:

i =t (14.45)
o+ i

we have:

dy, xiy, = ilbz (14.46)

-t _ - -b _ - _ -
I, =1, =i, = (L—d;,) xi, = 7y, ¥y,

(14.47).

Numerical example Returning to the data form the numerical example for which
4, =400 > 2, = 200, one breaks down the average inter-individual inter-group gap :

_100+300+500+0+200+400+100+100+300 2000

A
12 3x3 9

Into its two components:

_ 0+100 100
Alz = 5 5 T A
3x3 9
AF = 100+300+500+200+400+100+300 1900
12 — -

3x3 9

The economic distance is then equal to :

5 We have indeed 0< A, <A, /2<A}, <A, =A, +A}, when 1, > g1, and A}, =A;, =A, /2 when 1 = 1, .
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_ AIZ — Al_z

d12 = =

A12

1900-100 _ 0.9

2000

and the overlap ratio is equal to:

Y12 :1_d12 =

2A,,
Ap

_2><100_01

2000

At the same time, for the "Between" distribution, we have :

X = 1, =400 | X, = 1, =400 | X, = 1, = 400
X, =4 =200 | | —15,| =200 | |14 —ps,|=200 | |z, —p,|=200
X = 4y =200 | | —11,| =200 | |14 —p,|=200 | |z, —p,|=200
X5 =ty =200 | | —11,| =200 | |14 —p,|=200 | |z, —p,|=200

INN WATER

with an inter-group Gini index that sets to:

1 & & 1
X" X =% =

nlnz i=l i'=1l ,u1 + :uz 9

: 1

b, =

9y ) _ gy _ 400200 _1
M+, 400+200 3

This value has to be compared with the one which is obtained by doing:

ifZ =d12><i12 =09XE=1

27 3

Thus, Economic Distance appears to measure the proportion of the inter-group Gini index that is
due to the Between component and, by identification, one can deduce that the balance by
verifying ;

- .b _ - - _ - _
b, =k =1, _d12|12 = (]-_dlz)>< by =71 X d12

does indeed correspond to the proportion of the inter-group Gini index that is due to
transvariation.

C) Dagum decomposition - the case k = 2 Returning to table 3.7, with still 4, > 4, the latter is
partitioned into 4 blocs :

Bll BlZ
BZl BZZ
with:

the matrix of the inter-individual gap within the group 1,
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the matrix of the inter-individual gaps between members of group 1 (in rows) and members

of group 2 (in columns),

the matrix of inter-individual gaps between members of group 2 (in rows) and members of

group 1 (in columns),

the matrix of inter-individual gap within the group 2.

Noting 1 and 1,, the sums of the squares of the inter-individual gaps (here, in terms

117 12’ I21

of affordability deficit) within each of the 4 blocks listed above, the Gini index calculated on the
population as a whole :

= 2X 2ZZ|X_X|

2X L

can be rewritten as:

i:ix|11+|12+|21+|22: |y L, 2l
2% n® 2n’X  2n’X  2n’*X
2 2

iy YD I, " NN, (44 + 14,) |
N°X 2xn’p,  N°X 2xN5u, Nu N, (w + u,)
n n nn nn .

= 1’51 Xy, LA Xy + ZM ZZIuZ Xy, (14.48)
n nx n, nx Ny nu

X, . X, . n, n n n .
=f, txi,+f, —Exi,+ T Wit | T Ty Xy,
X X nnu n nu

=f1051><i11+fzcx2><i12+(f2051+flaz)xi12

or in matrix form:

-onfe o))

with i, =i,, the intergroup Gini index 1-2°. In this 2-groups case, the non-within component:
i—i, =(fa, + o) xiy, (14.50)

is broken down into its two components, Between and Transvariation, making use of the
economic distance d,, and the overlap ratio y,, =1-d,, as follows:

% The notation i;, indicates that the inter-group Gini index is calculated with group 1 in rows and group 2 in columns;
the notation i,; indicates that the inter-group Gini index is calculated with group 2 in rows and group 1 in columns.
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i—i, = ( fia, + fzal)x i, = ( fia, + f2a1)><(d12i12 +712i12)
=(fia, + o0 ) x iy, +( fi0, + F,00 ) x 7,1, (14.51)

= ( fa, + fzal)x i) +( fa, + fzal)x i
with in addition:
iy = (i, — 1) 1 (1 + 11,)

as stated above. This enables to identify (i) the Between component of the Gini index i (for the
Population P as a whole) as given by:

Iy :( fa, + fzal)x d,l;, = ( fa, + f20‘1)>< ilbz (14.52)

and (ii) the Transvariation component (of this same Gini index | calculated for the Population P
as a whole) as given by:

X :( fi, + f20(1)X712i12 = ( fia, + fzal)x i (14.53)

. .t _ - -b
with I, =1, —1,.

D) Dagum decomposition - the case k = 3 One generalises without additional difficulty to the
case with k groups. Considering, by way of illustration and without loss of generality, the case
k =3 with i < 1, < 1, We have (1) the (symmetric) Gini index matrix that is given by:

i21 i22 i23 (1454)
i31 i32 i33

and (2) a Gini index calculated for the whole population P that verifies:

by, g )y
i=(f,f, f)| iy by iy || (14.55)

YR P PPAN2
The Within component of the Gini index i (calculated for the population P )is equal to:
i, = fa xi, + f,a, xi, + oo, %, (14.56)
The non-within component i-i, breaks down into (3) a Between component that sets to:

I, =(fo, + o) x ilb2 +(fay + fio) ilb3 +(fo + fia,) % i§3 (14.57)
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with:
ifzzll’lz_ll'tl' if3:ﬂ3_llll' i§3:ﬂ3_#2 (14.58)
M+ 4, My My + Uy

the Between components of the inter-group Gini index i, , i,,

et i,, and (4) a Transvariation
component that sets to:

i, = (fa, + fo0) xi}, + (fiag + foo) xig; + (f,05 + foa,) x5, (14.59)
with:

.t : bt : shoost : 1)

b, =k — 1y, I13 = I13 _|13r '23 = I23 _|23 (14-60)

The transvariation components of the inter-group Gini index i et i

12/ I13 23"

Annex 4: Binary classification theory: key metrics
4.1 Basic indicators

Based on the information provided by Table 21, page 97, the tool calculates the values taken by
4 key indicators (and their complements): Sensitivity, Specificity, Positive Predictive Value (or
Precision) and Negative Predictive Value.

(1) The first indicator is the TPR (True Positive Rate):

S, = —t* 29 (14.61)
Q Q+Q

which measures the proportion of overall basic consumption that is correctly subsidised/treated
by the tariff (considered by the user). This quantity also gives an estimate of the (conditional)
probability that a basic unit (drawn at random from the population of basic units) will be correctly
subsidised:

Pr[T.|D, [== (14.62)

|,0|er

The TPR/sensitivity measures the quantity of items to be found that is actually found by the
classifier. As such, it is a measure of the exhaustiveness (the property of an enumeration that is
found to be complete) of the tariff. The complement of sensitivity (also calculated) is the FNR
(False Negative Rate) or Miss Rate:

Q =1-8, (14.63)
L +Q.

FNR -2 —
Q
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that is the proportion of overall basic consumption that is not subsidised (volume exclusion error).

This is also known as the silence of classifier (proportion of relevant items not detected / not
processed).

(2) The second indicator is TNR (True Negative Rate):

n__(Q-9) - (Q-9). (14.64)

""Ib]” Q@ (@-9) +(e-Q),

defined as the proportion of overall non basic consumption that is correctly treated (and
therefore not subsidised) by the tariff (considered by the user). This quantity gives an estimate
of the (conditional) probability that a non-basic unit (drawn at random from the population of
service units that do not meet basic needs) will rightly not be subsidised:

PrT_|D_]= % (14.65)

The complement to the TNR is the FPR (False Positive Rate):

S_ =1—-S n+— _ (Q_9)+ — (Q_9)+ (1466)

g "I Q-9 (e-Q) +(e-9),

(also calculated and displayed) that gives an estimate of the conditional probability that a non-
basic unit (drawn at random from the population of service units that do not meet basic needs)
will be wrongly subsidised:

Pr[T,ID_]= ((é%%) (14.67)

(3) Indicators 3 and 4 are the Positive Predictive Value:

PPV = = = =t (14.68)

(or Accuracy) which gives the probability that a subsidised unit (drawn at random from the
population of units that are subsidised by the tariff) is a basic unit and the Negative Predicted
Value:

NPV =—=-——— (14.69)

which gives the probability that a non-subsidised unit (drawn at random from the population of
units that are not subsidised by the tariff) is not a basic unit / is indeed a non-basic unit. The
complements to the PPV and NPV (also calculated and displayed) are, respectively, the False
Discovery Rate:
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(Q-9Q)
FDR =1-PPV = Q— (14.70)

+

which gives the probability that a subsidised unit (drawn at random from the population of
subsidised units) is wrongly subsidised, i.e. the percentage of subsidised consumption that should
not be subsidised/which is for non-basic uses and the False Omission Rate:

FOR =1- NPV=& (14.71)

which gives the probability that a non-subsidised unit (drawn at random from the population of

non-subsidised units) is a basic unit, i.e. the percentage of non-subsidised consumption that
should be subsidised.

(4) The calculation of these (8) indicators is then completed by the calculation of prevalence:

Prévalence = p = |Dn+| — Q

(14.72)

O |

(based on the information provided by the econometric model of household water demand, after
reprocessing by the user) since the quality of targeting as measured by PPV (mutatis mutandis by
NPV) proves to be all the better the higher the prevalence (ceteris paribus).

Details The PPV (Accuracy) by satisfying the relation:

Q+ S, xp
PPV = = = e 14.73
Q, S,x p+(1—Sp)(l— p) ( )

increases with prevalence p:

M_iﬁ _Sx(1-8,) (14.73)

o pLQ [.T

(except in special cases S, = 0 and/or S, = 1) while the NPV by satisfying:

NPV = (€-9) _ S,x(1-p) (14.75)
Q S,x(1-p)+(1-S,)xp
decreases with prevalence p:
ONPV _ 0 (Q-Q). __(1=8,)xS, -0 (14.76)
o op| Q [..]

(except in special cases S, = 1 and/or S, = 0).
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4.2 The ROC Space

It is here to assess the quality of the tariff and, in particular, its ability to discriminate between
basic and non-basic units. Different approaches are possible (and implemented by the tool) with
the first that focus on the Sensitivity / Accuracy (PPV) pair which is in itself a natural (but non-
scalar) measure of the effectiveness of tariff (which is considered by the user) as a classifier. In
particular, (1) a value of the Sensitivity:

Se:&: Q _ lQ (14.77)
0722, 2

that tends towards 1 means that the tariff tends to subsidise all basic units (with a few false
negatives Q_ relative to Q) while (2) a value of the Accuracy:

Q. Q 1
Q. Q+(Q-Q)  (e-Q) 14.78)

- -l

Q

that tends towards 1 means that the tariff tends to subsidise only basic units (with a few false
positives (Q - Q) relative to Q, ). In this way, a situation in which S, =1 and PPV =1
<), b3

PPV =

describes an ideal situation in which the tariff subsidises all basic units (S, = 1; no exclusion
error) and only basic units (PPV = 1 ; no inclusion error).

To position the tariff in relation to this ideal situation (and also in relation to 3 other polar cases;
see below), the tool calculates at first 3 other indicators that are:

(1) the "Positive likelihood ratio" LR,

(2) the "Negative likelihood ratio' LR_,

(3) the Diagnostic odds ratio DOR,

and next displays a diagram called the ROC®’ Space showing all of this information and, also,

enabling to compare the performance of different IBTs (as classifiers).

Diagram Components The ROC space is constructed by plotting (1) Anti-Specificity on the x-axis:

_ (Q-Q)

Sp :1—Sp :Q—_QJr (1479)
therefore, the propensity of the tariff to subsidise a unit of consumption (cubic metre) which is a
non-basic one, and (2) Sensitivity on the y-axis:

S, === (14.80)

therefore, the propensity of the tariff to subsidise a unit of consumption (cubic metre) which is a
basic one. In addition to the point:

67 Receiver Operating Characteristic.

Analysing the socio-economic performance of Water Pricing Policy




INN WATER

T=(1_sp,se)={(QQ_f9)+.%J (14.81)

(with coordinates E’E) on Figure 14, page 98) that corresponds to the characteristics of the IBT
which is evaluated/tested by the user, the diagram (that fits into the unit square) is also showing
some additional constitutive components with:

o the 4 vertices O = (0,0), A = (1,0), B = (1,1) and C = (1,0) (of the unit square),
e the 45°line,

o the point P = (p,p) (with coordinates (0.6,0.6) on Figure 14) on the 45°line with (as a
reminder) p =Q/Q the prevalence / the share of basic consumption Q in overall

consumption Q,

o thelines OT (in red) and BT (in green).

Finally, the point S = (s7, st) (not shown in Figure 14) with s; = Q. /Q the subsidy rate is also
displayed (for the visualization of an adjusted J of Youden that is discussed later in the text).

Chart interpretation The vertices of the unit square represent 4 main pricing schemes, which are
used as reference points.

(1) The origin:
_ (Q-Q)
— —(1— | =7+ =* |_ (14.82)
O (SP’SE) (1 SP’Se) { Q_Q ! (0,0)

describes the performance of a tariff that never subsidises. This case includes, as a special case,
the TBSE (F,m) = %c) which does not subsidise any unit, whether it is basic or non-basic. At
this point, the PPV is not defined since:

ppy -2 0 (14.83)

Q 0

("indeterminate form") while the NPV sets to:

(Q-Q) o0 . @

0]

NPV = 1-==1-p (14.84)
Q Q Q
(2) The vertice:
_ (R-Q). Q
A=(S,s,)=(1-5S,,S,)=| —=%,= |=(0,1 (14.85)
accounts for an ideal classifier that never makes a mistake with an inclusion error that sets to
zero with:
_ Q-Q _
sp=1—3p=%=0@ Q-Q) =0 (14.86)
and an exclusion error that sets also to zero with:
se:&: Q. -1 Q = (14.87)
Q Q+Q -
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This case can be interpreted as describing a situation in which each household i would be offered
a personalised tariff, with subsidised consumption blocks covering precisely its basic

consumption . In this case, all the subsidised units are basic units, with a PPV equal to 1:

PPV=& 2 2 =
Q +0

Q. Q+(QQ) O

and all units that are not subsidised are non-basic units with an NPV also equal to 1:

1 (14.88)

w29 (@9) _ o0 (14.89)
Q  (Q-Q) +Q Q-Q+0

(3) The vertice:

B=(s_p,se)=(1—sp,se)=[%,%}=(1,1) (14.90)

describes a situation in which all consumption units are subsidised with:
0-Q).=0-Q
Q.=Q

and therefore:
0.=0.+(Q-Q) =0+Q-0=Q,

This scenario reflects a policy in which the tariff subsidises all the units consumed, with for
instance m; < m, < m3 < m, < c in the case of an IBT4, and taxes the access fee to guarantee
(as far as possible) the financial equilibrium of the service. Exclusion errors are then at their
minimum and inclusion errors at their maximum (for a given overall consumption/service level
Q). In this case, the PPV is equal to the prevalence p:

Q Q

PPV====— (14.91)
Q Q"
and the NPV is undefined:
(R-9) o
VPN = =— (14.92)
Q 0
("indeterminate form").
(4) The vertice:
_ (R-Q) Q
c=(S,,8,)=(1-5,,S,)=| —=%,= |=(1,0 (14.93)
()-8, G 22 -0

reports a situation in which the classifier is always wrong with:
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(@-Q),=Q-Q
Q.=

This case describes a system of personalised degressive tariffs in which non-basic consumption
would be subsidised and basic consumption would be taxed (to guarantee, as far as possible, the
financial equilibrium of the service). This scenario is therefore outside the scope of the tool.

Besides these 4 reference points, the diagram is also showing:
(5) the point P = (p,p), with p = Q/Q the prevalence rate, which has a PPV equal to the
prevalence rate p = Q/Q and a NPV equal to its complement, 1 —p = (Q - Q) /0 8.

The point P describes the expected effects of a random pricing policy that allocates subsidies at
random, deciding for each unit of service with probability p = Q/Q that it is subsidised, and with

probability 1 — p that it is not (and, therefore, taxed as soon as T #EC,Vj=1, .., p). In this
respect, point P constitutes a reference point from which the quality of IBT targeting can be
assessed, by comparing the latter with what would be obtained if this random policy were carried
out®. In this way, the added value linked to the deterministic nature of the pricing policy is
identified, at least as far as the quality of targeting is concerned’®. This type of comparison is
often used in the literature on the evaluation of public policies, in particular to measure the
quality of targeting of aid programmes in favour of poor households (with the calculation of ()
ratios and the pivot value 0 = 1 (see section 8)).

(6) the radius OT which represents the iso-PPV line of level PPV, = PPV, with slope:
Se (T) Q+ 1 Pr[T+|D+}

a =———+<=
1-S,(T) Q (Q 9)+ ~Pr[T,|D.]
Q-Q
also equal to the odds ratio:
L _ PPV 1 =MX 1 _n L
“1-PPV. p Pr[DJT,] P T P
1-p 1-p 1-p

with:

6 More generally, all the points located on the 45° line have a PPV equal to the prevalence rate p=Q/Q and an
NPV equal to its complement,1 — p (as it can be shown by evaluating (12.24) at 1-S =§,, and (12.26)at S, =1-5,,

6 By the law of large numbers, the subsidy rate of this random pricing policy can be considered to be equal to the
prevalence rate p.
70 Modulo the adjustment of the subsidy rate s*=Q"/Q which is not necessarily equal to the prevalence rate

p=Q/Q forthe IBT that is considered/tested by the user. We return to this point later.
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_Pr[D.T,]_ Pr[D,T, ] e 1 1 Q (14.94)
©oPDm] 1-PDJT] Q (@-Q) Q ;.2 (Q-Q)
Q’ Q.

the "Positive likelihood ratio" (for a non-basic unit that is subsidised, how many basic units are
subsidised), the value of which is also displayed by the tool;

(7) the BT line which represents the iso-VPN line of level NPV, = NPV, with calculation of the

slope:

1-S(T)  1-vpN 1 P[DJT] 1 1
a=—+=...= X = =LR x

S, (T) WPN ~ p  Pr[D[T] P P

1-p 1-p 1-p

with:
R :Pr[D+|T_L&X 1 Q

_ PrI:D_|T_i| Q_ (Q—Q)_ (Q—Q)_ (14.95)

Q

the "Negative likelihood ratio" (how many unsubsidised basic units for one unsubsidised non
basic unit, that is a service unit meeting comfort or luxury needs), the value of which is also
displayed by the tool.

Next, since the tariff is all the better (i) the smaller the Anti-Specificity:

_ Q-Q
xT=Sp(T)=1—Sp(T)=—( —)+
Q-Q
(“not many subsidised units in units that should not be subsidised”) and (ii) the greater the
Sensitivity:
Q, Q,
yT = Se (T) === =
Q Q+Q

(“not many unsubsidised units in units that should be subsidised”), so (iii) the closer the point
T = (1 —5,(T), S, (T)) (that accounts for the IBT tested by the user) to vertice A = (1,0) (that

accounts for the ideal personalised pricing system described above), it is also shown that, in
terms of targeting, the IBT will also be all the more effective:

o the greater the value by which the fractional odds p/(1 — p) has to be multiplied in the
population of the subsidised units (in particular, the slope coefficient a, and the LR, are
expected to be greater than unity),

o the smaller the value by which the fractional odds p/(1 — p) has to be multiplied in the
population of the non-subsidised units (in particular, the slope coefficient a_ and the ratio
LR_ are expected to be less than unity),

starting from point P = (p, p) and a random allocation of subsidised status with a probability
p= Q/Q (see above). The discriminatory power of pricing is then measured by the Diagnostic

Odds Ratio:
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LR, Q (Q-Q) (14.96)

'R —...=§X(Q_9)+

(whose value is also displayed by the tool) with:

DOR =

o Q,/ (Q - Q) a ratio indicating the number of basic units that are rightly subsidised for one
- s
non-basic unit that is wrongly subsidised,

. Q_/ (Q - Q) a ratio indicating the number of basic units that are wrongly not-subsidised

for one non-basic unit that is rightly not subsidised.

The value obtained for the DOR is assessed compared to the value of 1, that is the value taken
by the indicator with a random allocation of subsidised status with probability p = Q/Q.

4.3 Other indicators

The tool concludes this assessment with the calculation of 7 other indicators to gauge the quality
of the IBT (as a classifier): Accuracy and Adjusted ACC, Youden’s J and adjusted Youden’s J, Kappa
Score, Cohen’s Ratio, and Jaccard Index.

(1) Accuracy is the proportion of instances (here, cubic metres) correctly classified:

n++ +Nn__ _ 9* +<Q_9)_
nQ

The authors (systematically) point out that the (often high) values taken by this indicator need to
be put into perspective. In this case, however, a natural reference point is the TBSE for which

ACC =

(14.97)

Q+=0 and (Q —Q) = Q — Q are available. To measure the performance (in terms of

targeting) of an IBT, this leads to an adjusted ACC defined as:

Q. +(Q-Q) 0+Q-Q 0. (Q-Q)
Q Q Q Q

that is the difference between the aggregate inclusion gain and the aggregate inclusion error (as a
percentage of the service level).

ACC" =ACC-ACC, o = (14.98)

(2) Youden's J consists in calculating the quantity:

V=548, -1=5,~(1-5,)=5, -5, =575 (14.99)

=(Se - p)_(gp - p):(Se - p)+(p_s_p)
that is the Manhattan distance between:

(i) the point T =(S,(T),S,(T))=(S.(T),1-S,(T)) which is characteristic of the IBT tested by
the user with a subsidy rate setto s, = Q. /0,
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(if) the point P = (p,p) which is characteristic of the random pricing policy consisting of
allocating subsidised status, among the population of the Q cubic metres that are consumed, with

probability p = Q/Q.

It should be noted that the Youden's J is also equal to the Manhattan distance from the point:

e ($

insofar as:

I =(8s=sr)=(S, =) = (8 =s7) +(sr —s‘p){%—%}{%_%J (14.100)

(3) Kappa score Originally, the indicator noted 1, measures the degree of agreement between 2

assessors (“inter-rater reliability") who have to qualify (yes / no) each application in a set of n
applications. Once the selection process implemented, the data to be analysed is a contingency
table of the form:

Appraiser B
Yes No
. Yes n n n
Appraiser A 11 12 L.
No N2q oY) n,.
ng np n

Table 72 : Contingency table - calculation of Kappa score

with A the identity of the first assessor, B that of the second). Kappa score is then calculated as:

*

| = P~ P (14.101)
1-p
with:
p, = il (14.102)
n

the observed frequency of agreement (concordance) and p* the frequency of agreement
(concordance) that would be observed under the hypothesis of independence, that is:

p =l N (14.103)
n n n n

The value obtained is interpreted as expressing "the extent to which the value of the agreement

observed among the assessors goes beyond chance", i.e. exceeds what would have been

obtained under the assumption of independence. The term 1 — p* (in the denominator) gives

the degree of agreement that is achievable beyond chance, while the term p, — p* (in the

numerator) gives the degree of agreement beyond chance that is actually achieved.

The Kappa score verifies the following properties :

Analysing the socio-economic performance of Water Pricing Policy




INN WATER
(i) The value of the Kappa score is between —p*/(1 — p*) and 1.

(ii) Polar case I, = 1 establishes complete agreement/systematic concordance between the 2
assessors because in this case:

Appraiser B
Yes No
Appraiser A ves L 0 .
No 0 Nyo ny.
ni n» n

Table 73 : showing the calculation of Kappa score with systematic agreement

(iii) Polar case I, = —p*/(1 — p*) establishes total/complete disagreement between the 2
assessors because in this case:

Appraiser B
Yes No
Appraiser A ves 0 L M,
No Nnyq 0 n,.
ni n2 n

Table 74 : showing the calculation of Kappa score with complete mismatch

(iv) Refence case I, = 0 & p, = p* indicates that concordance of the rankings can be
considered as the result of chance.

Application The tool applies the Kappa score calculation to Table 21, page 97, by having the tariff
play the role of evaluator A and Nature the role of evaluator B (this image is common in decision
theory to reflect the environment in which a decision-maker operates). The percentage of
instances (i.e. units of service) correctly classified (processed):

Q.+(Q-Q).
D, = (14.104)
Q
then corresponds to the ACC (see above) and we have:
p = 8 % QQQ x%_ pxsy+(1- p)><(1—s;)= QQ, +(§2—9)Q— (14.105)
1-p' = g % —QQ %— px(L-s7)+(L-p)xs; = 2 +(§2_‘)Q+ (14.106)

In fine, Kappa score is equal to:
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po-p _ _[Q+(Q-Q) ]xQ-[QQ.+(Q-Q)Q ]

D Q- (14.107)
1-p QQ +(Q-Q)Q.

(4) Cohen's ratio One difficulty with the Kappa score is that the value of the indicator varies, for
the same level of agreement (ACC), with the classification behaviour of assessors A and B, in this
case with the prevalence rate p = Q/Q and the rate of subsidy of the tariff policy s, = Q.. /Q.

Details We have:

K *

- Q+ + Q_Q
| ZM with P, =¥=ACC
Q
(by definition of the Kappa index) with the value of the index that is decreasing in p* :
o 1on g
o (1-p)
and a concordance rate under the hypothesis of independence which verifies:

*:%X%+%X%= pxs; +(1-p)x(1-57)

(as highlighted above). m.

P

Applied to the question of the performance of a classifier / the measurement of inclusion and
exclusion errors with an IBT, this property is not without its problems. Firstly, it implies that two
pricing policies can only be compared, strictly speaking, on the basis of the same prevalence p =
Q/Q, i.e. the same overall consumption Q, and a constant (aggregate) subsidy rate Q. /Q.

Secondly, it means that the maximum value of the Kappa score can no longer be given by 1 when
the marginal distributions (scoring behaviour) of the 2 assessors differ, i.e. when the prevalence
rate p = Q/Q and the subsidy rate s, = Q. /Q are not equal (this point in detailed at the end of

this paragraph devoted to the presentation of Cohen's ratio).

An alternative consists in comparing the performance (in terms of classification) of different
pricing policies using Cohen's ratio:

* *

IK' pO_p 1 _ pO_p (14108)

max X max * T max *
I 1-p Po —P Po —P

1-p

which consists (simply) in calculating the % of agreement that is actually achieved relative to the
maximum agreement that is (actually) possible to achieve given the (fixed) values of p = Q/Q
(prevalence) and s, = Q. /Q (subsidy). Ultimately, this means applying the following formulas
depending on whether the subsidy rate s, = Q. /Q is greater than, equal to or lower than the
prevalenceratep = Q/Q :

Casel:Q; > (Q = s > p with:
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pg"ax =ACC,,, :% =p+1l-s (14.109)
and:
L _ Pe—p [Q.+(@-Q) JxQ- [QQ +(@-9)Q | (14.110)
17> P - p (Q+Q )xQ-[QQ. +(Q-Q)Q |
Case2:(Q, = Q © s = p with:
+
P =ACC_, Q 0-Q =1 (14.111)
S Q
and a Cohen ratio that is also equal to the Kappa score:
Im'2x= r:%x—p*:po—rj 1 (14.112)
I, PBo —P 1-p
-Case3:Q, <@ & s <p with:
+
P = ACC, M Q QQ =1-(p-s)=s+1-p (14.113)

and a Cohen's ratio given by:

I, p—p |9 +(Q-9) [xQ-[0Q +(e-Q)Q ] (14.114)

I ™ -p (Q+Q-Q)xQ-[QQ, +(Q-Q)Q |

Details On the maximum value of Kappa index (and calculation of Cohen's ratio) In case 1, Q, >
Q (in which case Q_ < Q — Q) and the “at best-confusion matrix” is given by:

D, D_
T, Q=0 Q@-O*=0"-¢ ot
T Q=0 -0 =0 Q-
Q 0-0Q Q
Table 75 : Calculation of Cohen score - case |
with:
P =ACC , = 9rQ p+1-s (14.115)
. QQ.+(Q-Q)Q
p= 7 = ps+(1-p)(1-s) (14.116)
- Q+Q QQ,+(Q-Q)Q
P —P == o o (14.117)
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and a Cohen's ratio that sets to:
l, _ p-p _|Q+(Q-Q) [xQ-[Q0. +(Q-Q)Q ] (14.118)
17> pe=—p (Q+Q )xQ-[QQ. +(Q-Q)Q |
Incase2,Q, =Q and the at best-confusion matrix is given by:
D, D_
T, Q*=0 Q-Q*=0 Q*
T Q=0 Q-9 =0-0Q Q"
Q Q-Q Q
Table 76 : Calculation of Cohen score - case |l
This gives the ideal classifier for which:
+ —
P =ACC,, 210 =1 (14.119)
Q
with a Cohen ratio equal to the Kappa score:
L _ PP PPy (14.120)

1™ p™-p  1-p

and a value p* that sets to:

y_2Q (0-9)<¢ 9xQ (0-Q)x(Q-9)

% 9 o o =p*+(1-p) =s’+(1-s)"  (14.121)
Incase3, 0, <@ (inwhichcase Q_ > Q — Q) and the “at best-matrix confusion matrix” is given
by:

D, D_
T, Q*=0* Q@-O*=0 ot
T Q" =Q-0° Q-9 =0-¢ Q
Q 0-0Q Q
Table 77 : Calculation of Cohen score - case |l
with:
+ — —_
Py =ACC, ., =u= s+1-p =1—9 QQ* =1-(p-s)=s+1-p (14.122)
and a Cohen's ratio that sets to:
P e [Q +(Q-Q) ]x0-[QQ, +(Q-Q)Q | (14.123)

max max *
I K pO - p

(Q +Q-Q)xQ-[QQ, +(Q-Q)Q.|
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(6) Jaccard Index The last index is the Jaccard index, which is calculated as follows:

This index measures the similarity between the two sets constituted by (1) the population of
cubic metres (service units) meeting basic needs and (2) the population of subsidised cubic
metres (service units). This statistic, giving the proportion of elements common to both sets,
varies from O (in this case, the number of basic units that are subsidised Q, is equal to 0) to 1 (in

this case, the number of basic units that are not subsidised Q_ and the number of subsidised
units that do not meet basic needs (Q - Q) are both equal to 0).
-+
Annex 5: Setting the relative distribution curve
As a reminder, the net subsidy received on its water consumption by household i is given by:

where s, is the gross subsidy (counted negatively) and t;, is the gross contribution to service
funding through the consumption q. The mass of these net subsidies implemented by the tariff
is then equal to:

(Tq +$ )_ - i(tiq *+Siq )_ (14.125)

On this basis, the following operations are performed:

- Households are ordered according to the values of the standard of living, from the lowest value
to the highest (households are then indiced by i* in this sorted series) with:

F.=— (14.126)

the standardised rank of household i in the Pen parade of living standards.

- The cumulative increasing frequencies of the mass of the AFE net subsidy are computed with:

(bt se) (14.127)
A,
forh=1..,n.

Then, in the plane (F, A) (within the unit square) :

- the N+1 points with coordinates:
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o). (2] (24 [ ) (LA -0

are represented, next connected by line segments to obtain an estimate of the concentration
curve, noted A = A(F), of the AFE net subsidies in relation to the standard of living.

- the 45° line and the poverty line F = Fp,, (given the threshold value for the standard of living
entered by the user in the Social Data section of the General Data tab) are displayed.

By construction, the concentration curve A = A(F) thus obtained gives the percentage of the
mass of the subsidies that goes to 100F% the least wealthy members of the population, for all
values F € [0,1] . The subsidy system is then qualified as:

- redistributive for sure when the concentration curve is above the 45° line for any value 0 <
F <1.

In this case, the least wealthy 100F% of the population receive a share of the total subsidies that
is greater than 100F% and this observation holds for all values of the standardised rank F €
10,1[, and:

. anti-redistributive for sure when the concentration curve lies below the 45° line for any value
0<F<I1.

In this case, the least wealthy 100F% of the population receive a share of the total subsidies that
is less than 100F%, whatever the value of F € ]0,1].

In these configurations,

. the degree of redistribution/anti-redistribution can be assessed by computing the equivalent
of a Gini index, geometrically the (oriented) area bounded by the 45° line A = F that depicts
a situation in which the mass of subsidies would be distributed equally across the population
(what applies to TBSE since, with the TBSE, each household receives an equal share of the
mass of subsidies that sets to 0) and the concentration curve A = A(F)

The latter varies from —1 (in this case, the concentration curve is almost vertical at F = 0 with
all subsidies going to the poorest household) to 1 (in this case, the concentration curve is almost
vertical at F = 1 with all subsidies going to the richest household).

The Omega ratio is read with the ratio of two (vertical) segments: the one corresponding to the
value returned by the A(F) function at F = Fpyor, A(Fpoor) Vs. the one corresponding to the
value returned by the 45° line at F = Fp,qy, that is Fpgor-

As shown in Figure 55-5, graphing the relative benefit distribution curve is of particular interest
when the curve intersects the 45° line at 1 point, or even at several points (the system
represented in Figure 55-5 appears to be redistributive for households in poverty but anti-
redistributive for households in extreme poverty).
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Figure 55 : Relative Benefit Distribution Curves with Progressive and Regressive Distributions

(Q ratio values and Quasi-Gini Index (visualization))

A 1 A 1
09T 097
08T 087
07T 07t
06T 06T
05T 05T
0.4 04T
037 037
02T 027
0.17 0.17
00 ‘01 ‘02 ‘03 0.4 ‘05 ‘06 ‘07 ‘OB ‘09 1 Ul) ‘01 ‘02 ‘03 ‘04 LS ‘06 ‘07 ‘OB ‘09 1
F F
fig 55.1: Redistribution system fig 55.2: Negative Quasi-Gini Index
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fig 55.3: Anti-redistribution system fig 55.4: Positive Quasi-Gini Index
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fig 55.5: Non-dominance fig 55.6: Positive Quasi-Gini Index
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Annex 6: Ex post tariff adjustment — calculation of the catching-
up / rebate rate

As a reminder, the equation to be solved (in x) is given by:

n

ZI:F D+(7Z' +X)q|BT:| CF+CXiquBT (14.128)
i=1

i=1

The member on the left can be rewritten as:

i[F—Di 7+ x)g° | = Z[F D +7g®" |+ qu, [F D +7g®" [+ xxng®  (14.129)
i=1

i=1

with (TIi'BT the average household consumption for the IBT tariff, which is evaluated/tested by
the user. Then, we have:

xxnG® =CF +¢3 g% =3 [F =D, +7.q® 1=CF —nF =3[ (z. —¢)q® - D,
q 267 -2 [F-D+7q" ] > [(m-c)a -]
i=1 i=1 i=1

(14.130)
=_nX(F__j Zn:[ q°" - '}z_nxcio_zn:(tiq“'si,Q)
i= i=1
and finally :
1 CF) 1
X:qlmx{(F_T)_H;[(”i C) o D:|j| q |:CI0+ Z(t +5; ):|
(14.131)
Cio +1,+5,
with ¢;o = F — % the subsidy / taxation on the access fee and:
1 n
+3, :HZ(tiq +Si,q) (14.132)
i=1

the average net contribution, through their consumption, of subscribers (households) to the
financing of the system.

Annexe 7 Factor Decomposition of Gini index

A) Initial elements The starting point is household income, which is assumed to be supplemented
by g sources of income:

9
1 2 q _ m
R=X+X +...+X = E X;
m=1

with R; the income level of household i, i varying from 1 to n, and x" the level of its income of
typem, m = 1, ..., q (the higher indices represent factors, the lower indices individuals). Without
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loss of generality, it will be assumed in the following that households are ranked according to the
value of their income, from the smallest one to the largest one with :

Ry <R, < <R,

Next, it is considered:

(1) the Pen's parade of household income R = (R, R,, ..., Ry,),

(2) i(R) : the Gini index of household income distribution R = (R4, R,, ..., Ry,),

(3)Fg = (%, %, ...,1) the series of normalised ranks giving the (normalised) ranking of household

i, i varying from 1 to n, in the Pen's parade of incomes R = (R, R,, ..., Ry,),

(4) x™ = (x7", x3, ..., xJ) the series of the income source m associated with the Pen's parade of
household income R = (R4, R, ..., R;) (in the series x™, households are ranked according to
the value of their total income R;),

(5) C,,,(F) the concentration curve for revenue source m, x™, in relation to revenue R :
1 1 n

- C —|= m le m

n nN) X +X;, +...+X

E*C(Ejz X + X5
n n) X' +X%X +...+X

n T X XD
B e !
n X" +X) +... X

therefore, the graph of the function that gives the share of total income from source m, X™ =
Xt + x4+ -+ x, that benefits to the 100%% of the population of households with incomes
belowR;,i =1, ...,n.

(6) c(x™,R) the concentration index (or coefficient) of income source m, x™, in relation to
income R :

¢(X",R)=2 j:(t—cm(t))dt

Similar to the Gini index, this coefficient corresponds to the ratio of the area of concentration,
defined as the area bounded by the concentration curve C,,(F) and the 45° line, to the
"maximum" area of concentration, associated with a polar case in which all the income from
source m, X™, benefits to individual i with the highest income R;, i.e. the individual with
normalised Fg = 1. It is also to keep in mind that, as the concentration curve can lie above the
45° line (unlike a Lorenz curve), a concentration coefficient can take on a negative value (unlike
the Gini index)”*.

I More generally, the concentration curve of source income m over income R differs from the Lorenz curve of source
income m in which households are ranked in ascending order of their source income m. In this respect, (i) a Lorenz
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B) Decompositions Once these elements introduced, decomposition of Rao [1969] states that
the Gini index of the income distribution:

R=(R.R,.....R,)

can be broken down as follows:

q q gm q
o= 22 COV(X Fe) Z M = 2.0,%e(x" R) = ZS (14.133)

with:

- S;, the contribution of the income source x™ to the Gini index of household income R,

- cov(x™, Fg) the covariance between (i) source income m and (ii) the normalized rank of
households in the Pen's parade of household income R = (R, R,, ..., R;)) :

1&G(1 =
cov(x",F.)==> | ——F. |[x"-X"),
R n ; n R ( i )
- X,, the average of incomes of source m x*, x7*, ..., x*
- R the average of household incomes Ri, Ry, ... Ry,

- 0,, the share of income of type min total income R = R; + R, + -+ R,

The decomposition of Pyatt, Chen and Fei [1980] takes Rao's decomposition a step further by
revealing the Gini index of the income source m, that can be calculated as’?:

2xcov(x",F )

i(x")= - (14.134)
with F,m the series of normalized ranks ( ..,1) in the Pen's parade of revenues from source
m:

curve constitutes a particular concentration curve with, for example, the Lorenz curve of source m income which is
the concentration curve of source m income in relation to source m income. Moreover, (ii) a concentration curve,

. m . . . .
for example of the income source X en relation to income R, is necessarily located above the Lorenz curve of the

income source X" (as explained in Lambert [2001], "the income share of the poorest 100p per cent of the
population is equal to or lower than the income share of any other 100p per cent of the population" and "difference
between the two curves, if any, is accounted for by differences in the rankings of the distributions in question"),
page 29.

72 This formula is a third manner of calculating the Gini index. See Lerman & Yitzhaki [1984] and Yitzhaki [1998]].
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*

X = (X0 X X )r Xma < Xz oo S X0

m ma1? "m,27° 1 *m,n

Returning to equation (14.133), we get:

q xm 2% F q
$ O PP S e e

with:

cov(x", Fy)
cov(x",F,)

R(x",R) =

the so-called " Gini-correlation term ", also equal to the ratio of the concentration coefficient
c(x™, R) to the Gini index i(x™) of source m income,.that takes values in the interval [—1,1]. It
should be noted that the Gini-correlation term is equal to 1 (—1) if source m income is a
monotonically increasing (decreasing) function of total income R, with the values closerto —1 or
1 that indicate a strong relationship between x™ and R.

C) Implementation With regard to the implementation of these breakdowns, the approach is as
follows. The income of a household after payment of its IBT bill is given by:

RIBT R TIBT(qllBT)

and after payment of the TBSE invoice by :

CF
RIS =R ~Trace (6 = "(T*C q.TBSEj

Accordingly, we have:
RIBT _ RTBSE +(RIBT _ RTBSE)= RTBSE | T . <qTBSE) -T (qIBT)
i i i i i TBSE \ Mi BT \ Mi
with:
Trese (quTBSE) Tier (qlBT) Trese (quTBSE) Trese (quBT ) +Trpse (quBT ) —Ter (quBT)
_ |:(CTF + quTBSE j _ (CTF + quIBTJ:| +-|-TBSE (quBT ) _TIBT (quBT)
—_Cx (quBT qITBSE ) +TTBSE (quBT ) _TIBT (quBT)

(one recognizes the incentive effect) and :
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Trese (quBT)_TIBT (quBT) - %4_ og;”" _(F +mk, + 7,0~ kl)
:%+Ck1+c(qilBT —k,)~(F + 7k + 7,0 —k))
R,

by considering, to simplify the presentation, a household located in block 2 (without loss of
generality). Next, the following truncated variables are introduced:

- Taxation (Margin) on Access Fee:

F—% if Fz%
ci*ozmax[o,F—%}:
0 if F<C—F
n
- Subsidy on Access Fee:
%—F if Fs%
cm:—min[O,F—%}:
0 if F>C—F
n

- Taxation (margin) on Block 1 consumption:

(m,—c)k, if m>c

¢y =max[0,(z, —c)k, |=
0 if = <c

- Subsidy on Block 1 consumption:

(c—m)k, if cxm

¢, =-min[0,(z,—c)k, |=

0 if c<urm

- Taxation (margin) on Block 2 consumption:
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(m,-c)(a® -k,) if m,>c
c, = max[o,(;z2 —c)(g®" - kl):| -

- Subsidy on Block 2 consumption:

(c-m,)(a" -k) if c=m,

C,= —min[o,(rr2 —c) (g - kl)} =
0 if c<u,

(this notation because subsidies are outgoing flows for the Operator and taxes (margins) are
incoming flows). Next, we have:

CF

T () Ter (07) = P~ (o)) )

+

_ . _ _
=Cjp —Cjp G, —G; + G, — Gy,

= 6o (- )+ 0+ (o )+ + (i)

and:

RiIBT _ RiTBSE +Traee ( TBSE ) “To ( quBT )

—Cx (quBT ¢ ) +Trpse (quBT ) —Tigr (quBT )

= R +0x (/% =" ) +¢p +(—Cip ) + ¢y +(—ci ) +¢, +(—cy )

_ pTBSE
=R,

Denoting:

CX( _TBSE_q_IBT) if quBT Sq_TBSE

IC; = max[o, Cx(qiTBSE -q°" )} =
TBSE

0 if g° >q

Cx(quBT _ qiTBSE) if quBT > q_TBSE

IC; = max [0, cx (g - g™ )J -
TBSE

0 if g° <q

the truncated variables for the incentive effect and the "adverse incentive effect", we have
ultimately:
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+ex (g% =" )+ ¢ +(—Cp )+ €+~ )+ ¢, +(—cy )

—R™E41C - IC +c, +(—ci*0)+ci‘1 +(—ci+1)+ci‘2 +(—ci*2)
=R +1C; +(—1C] ) +¢p +(—Cip )+ €y +(—Ciy )+ ¢, +(—Cy )

IBT _ pTBSE
RET =R

This relationship enables the Gini index to be broken down by factor (the introduction of taxation
does not pose any additional difficulties once the amounts of the excise duties and of VAT have
been isolated).

Annex 8: Additional disagregations of funding sources for basic
service

We have:
(1) As regards the term % x y relating to (probable) basic support:

Disaggregation by Groups G1 vs. G2 (customer segments) :

C
(), _c R C R+R _C R C R C G
C(Q)—CQCQ+QCCCCC—1C
Disaggregation by Services (EP vs. A)
(Q)  _C R C Ry+R, Co Ry Cr R Co ,Cu
C(Q = ¢ ¢c C Cy+C, C C, C C, C = Cc =
Disaggregation by Groups and Services (EP-G1, EP-G2 and A-G2)
C(Q) C R C EP+REP+RA CEP RlEP CEP REP CA RA
Xy =X =X S = S X S+ S X T =
C(Q)—CQCC+C+C c ¢ C C5 C ¢C
1EP EP EP EP C;\ A
T e

(2) As regards the term relating to the captive but non-basic consumption:

Disaggregation by Groups G1 vs. G2 (customer segments) :

C(QO Q) C -C R -R _Co—(;, R0,1+R0,2_B1_Bz

cQ e C(Q) G € €@ CutCu G G,
91 R01 B1+Co,2_(_:2XR0,2_Bz

(Q) C01 91 C(Q) Co,z _gz

C Cl Co,z _Cz

X VEixe +— 5 X VFixe
C(Q) Fixe_HB,1 C(Q) Fixe_HB,2

Analysing the socio-economic performance of Water Pricing Policy




INN WATER
Disaggregation by Services (EP vs. A) :

¢(%-9) o cEp(Qo—_)+cA(Q§—9A)xy_
C(Q) Fixe_HB C( ) Fixe_HB

C,-C R -R_GC,-C Ry +R}-R, Ry
C(Q) C,-C C(Q) CEP+CA Ce —C,
:COEP_QEP REP REP_'_COA_C_:AXR:_BA
CQ CFC, C(Q ci-c,
CE"—cpry +cA -C, oy
C (Q) Fixe_HB (Q) Fixe_HB

L)

Disaggregation by Groups and Services (EP-G1, EP-G2 and A-G2) :

C(QO_Q) y CEP(QO__)+CA((JA QA)xy.

C (Q) Fixe_HB C (Q Fixe_HB
C,-C Ri-R_GC,-C Ry +Rp+Rj,—R™-R —Ry
C(Q) C,—C C(Q) COEE CEZ"'C Qép_gép_gf\

Cpi-Ce Ry —R™ Cii-Ch Ry,—R,  Ch-Co Ry, —-R)
- X EP 1 + X EP 2 + X A 2

C (Q) CO,l _QEP C (Q) Co,z _C_:EP C (Q) Co,z _QA
_ ng _Qép EP CoE,Z _Qép EP Céo,\z -Ca

~A A

=7 X 7rixe| T— = X YFixe_ T 5 X7rixe
C(Q) Fi HB,1 C(Q) Fi HB,2 C(Q) Fixe_HB,2

(3) As regards the term relating to the variable component the consumption, excluding
overconsumption:

Cer (Quu—Q0)+Ca (0 -QF)
x v T
C(Q) j/v 1

Disaggregation by Groups G1 vs. G2 (customer segments) :
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T = Cep (szl,l o QO,l) + (CEP +Ca ) (QK:l,Z B Qo,z ) % 7/,(:1
1 c(Q) v
(0 (0 0] Rk
) c(Q) Cep (Quizs = Qoa ) +Ceon (Qure ~ 2 )
(@) en(Qua Q) RERE Ry,
- C (Q) Cep (QK:n - Qo,l) + Cepa (szl,z -Qp. )

_ Cep (szl,l - QO,l) % R\fl:l - Ro,l " Cepa (Q;«:l,z - Qo,z ) < R\Sl - Ro,z

C (Q) Cep (QK=1,1 - QO,l) C (Q) Cepa (Qx=1,2 - Qo,z )
Cep (Qx=1,1 - Qo,l) x=1 Cepa (QK=1,2 - Qo,z ) =1

C(Q) yv.l + C(Q) }/V,Z

Disaggregation by Services (EP vs. A) :
T Cep (QKII_QO)+CA (Q;?:l_Q(?)X R\le—RO
1 C(Q) Cep (QK=1_Q0)+CA (Qlf:l_Q:)
_ Cep (szl _Qo ) + CA (Q:=1 - Qtﬁ) N R:;» + Rf,Zl - R0|EP - RO,A
C (Q) Cep (szl,l + Qx=1,2 - QO,l - Qo,z ) *Ca (Q;?:l,z - Q(')L,\Z)

= Cer (QK=1 _QO) y Rvkzt —Roer N Ca (Q::I _Q:) o RVK’Zl -RyA
c(Q) Cep (Quer = Qo) C(Q) Ca(Qurz— Qo)
— MX 7/,«=1 n Ca (Q’il _Q(f\) % 7/,«=1
C(Q) v,EP C(Q) V,A

Disaggregation by Groups and Services (EP-G1, EP-G2 and A-G2) :

o (Qu-Q) (L -Q) R R,
1 c(Q) Ce (Qus = Qo)+ (AL Q)
Cer (Qua = Q) +ea (QL-QF)  RE'™ + R +RE™ ~Roer —Roen R
i c(Q) e (Qun + Qe Qua— Q2 )+ (@, - Q%)
G (Quu=Qu) R R Cer(Quuo=Qua) R -Ri
C(Q) Cep (Quars — Qo) c(Q) Cep (Quarz — Q)
LGa(QR—Q%)  RGM-RE,
C(Q) Ca (QKA=1,2 —Q(ﬁz)
Cop(Quri— Q1) o Cer(Quuz—Q2) oy GalQk—Q%)
= ( C(Q) )XJ’V,EP,1+ ( C(Q) )XVV,Ep,l"‘ ( C(Q) )XVV,A,z
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(4) As regards the term relating to overconsumption (linked to tariff misperception):

 Cep(Quog, ~Quur ) +Ca (QL, QL)
T2 = C(Q) XV surco

Disaggregation by Groups G1 vs. G2 (customer segments) :
T _ Cep (QK:KO 1T Qx:l,l) + (CEP *Ca )(Qx:xo,z - szl,z) y R0 — RN
i c (Q) Cep (QK:KO 1 QK:l,l) + Cepa (chzxo 2 er:l,Z )

_ Cep (szxo 1T QK:].,J.) * Cepa (QK:KO,Z —Q1z ) 8 R +RGY =R, - RVKZI
c (Q) Cep (Qx=x0 1 QK:l,l) * Cepa (QK=KO,2 - QK=1,2 )

. Cep (QK=KO 17 QK:l,l) R\f 1 - R\ﬁ:l " Cepa (QK=K02 B QK=1,2) R\SKO — R\;(;l

c (Q) " Cep (QK:KO 17 Qx:m) c (Q) ’ Cepa (Qx:xo 2 szl,z )
_ Cep (QK:KO 1 QK:l,l) Cepa (QK:xo,z - szl,z)
- C (Q) }/surco,l + C (Q) ysurco,z

Disaggregation by Services (EP vs. A) :

L G (Query =Qua) ¥ (L, -QL) RE _ R
i c(Q) Ce (Quor, ~Quut ) +€a (QL,, —QL)
| Cer(Qun ~Qua) +0a (AL, -QN) R +RIT-RIg -RIY
) c(Q "o (e, ~Qua) 0 (Q1, — Q)
(@, mQn)  Rp-RE c(QR,-QN) Ry -RY
C(Q) Cer (Quor, —Quct) c(Q) ca(QL,, —Q%)

_ Cep (sz«o - QK=1) y 7/Ep n Ca (Q:=K0 _Q;f:l) » }/A
C (Q) surco C (Q) surco

Disaggregation by Groups and Services (EP-G1, EP-G2 and A-G2) :

T — Cep (QK=K0 1 Qx=1,1) *Cep (Qx=,<0|2 - Q/c=1,2 ) TCa (sz:xo,z - Q:=1,2 )

><7/51.”'00
2 c(Q)

with:

RI™ —R™
A A
Cep (QK=KO 1 Qrc:l,l) +Cep (QK=K0,2 - QK=1,2 ) +Ca (QK=K0,2 - QK=1,2 )
=ko,EP =K ,EP =K, A =1,EP =1,EP =1,A
a K,zko + R\;izko — RvK1 — R\;C,z — RVKZ

1

Cep (Qx:xo 1 QK:l,l) +Cep (kaxo,z - szl,z ) +Ca (Q::KO,Z o Q::l,z )

Vsurco =
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Inserting this expression into the previous one and rearranging, we get:

T = Cep (QK=KO 17 Qx:l,l) EP Cep (QK=KO,2 - QK=1,2 ) EP Ca (Q::xO,Z - Q;f:l,z) A

2= x ysurco,l + x ysurco,z + x }/surcoz
c(Q) c(Q) c()
with :
EP,x= EP,x=1
7EP _ Rv,l - 1 )
surco,l
Cep (Qx:xo 1 QK:l,l)
EP,k=xq _ EP,x=1
EP ,2 2
7 surco2 —
CEP (QKZK()‘Z - QK=1,2)
A k=K, _ A=l
A 1 1
e surco,2

Ca (szxo,z - QK:l,Z )

Analysing the socio-economic performance of Water Pricing Policy




INN WATER
MAIN VARIABLES (LIST)

A) Consumption
g, - household water consumption i

q; : water consumption of household i in block

g°" : water consumption of household i facing the IBT tariff system

g : water consumption of household i facing the IBT system when the IBT system is properly

perceived

q;°°% : water consumption of household i facing the TBSE system

qid () : demand function (for drinking water utility or drinking water and wastewater utility) of
household i

qi‘j' (+) : conditional demand function of household i in block j

(y; : captive consumption of household i
gz : captive consumption of household i in block j

- basic consumption of household i

gij : basic consumption of household i in block j

0 —0o; = (q - qo)i : variable (or "economic™) part of of household i's water consumption

(- qo)j > variable (or "economic") part of of household i's water consumption in block j

G -4, : non-basic water consumption of household i

i
(q —g)i non-basic water consumption of household i in block j

B,, By, B® et B°™™ : discriete variable indicating the number of the consumption block in

which basic consumption, captive consumption, IBT consumption and IBT consumption with
perfect perception are located

Q : total consumption (and production, referred as "service level™)

Q.. : total consumption for the drinking water service
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Q, - total consommation for collective wastewater treatment service

B) Cost (Operator)

CF_, : level of fixed costs (borne by the operator) for the drinking water service

CVM,, =c,, . Unit variable cost (assumed to be constant) for the supply of one cubic metre of
drinking water (also equal to the marginal cost of drinking water service)

CF, : level of fixed costs (borne by the operator) for the collective wastewater service

CVM, =c, - unit variable cost (assumed to be constant) for the treatment of one cubic metre of
domestic wastewater (also equal to the marginal cost of wasterwater treatment service)

Cepa = Cgp +C, the unit variable cost for the "EPA" service (production of one clean domestic
water cubic meter)

C. : value of the environmental cost (in euros per cubic metre), defined as the cost of fully
depolluting one cubic metre of domestic waste water

. - Number of domestic customers (households)

N =Ng : number of domestic subscribers (households) to the public drinking water service

N, : number of domestic subscribers (households) to the public sewerage service with N, <N=ng,

n, =n-n, : Size of the G1 group of domestic customers (households) who are not connected to
the public sewerage system / only pay for drinking water service

n, =n, :Size of the G2 group of domestic customers (households) who are connected to the public
sewerage system / pays for the drinking water and wastewater service

Ce =Cr (Qgp ) : Operator cost function for the drinking water service
C, =C,(Q,): Operator cost function for the wastewater service

C(Q)=C(Qg)+C,(Q,) : Operator cost function for the general (drinking water / drinking
water and wastewater) service

(o (qi) : cost to the service (borne by the operator) of providing the drinking water service to
household i whose consumption is (;

C/(q;) : cost to the service (borne by the operator) of providing the collective sanitation service

to household i whose consumption is 0
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C, =CF +¢Q, : cost to the service of satisfying captive consumption (fixed costs in the economic
sense of the term)

C=CF+ CQ : cost to service for the provision of the total basic service

Y,V Y, ... CcOverage rate of the cost of the service (general, for the satisfaction of captive

consumption, for the satisfaction of the variable part of consumption ...) by the marketing of the
corresponding units of service

C) Tariff

T =T(q"(-)) : Tariff function

R, = ZT (q,,) : revenue from the marketing of captive consumption Q,

R= ZT(ﬂi) : revenue from the marketing of basic service (includes the collection of fixed part

(subscriptions)).

F : fixed part (amount of the subscription); F, : subscription amount for the drinking water

service, F, : subscription amount for the collective wastewater service

Frese © subscription amount in the TBSE system (F-y> : subscription amount for the drinking

water supply in the TBSE system, FAT B subscription amount for the wastewater supply in the
TBSE system)

7 . price per cubic metre (Two-part Tariff), 7, : price per cubic metre for the drinking water

supply (Two-part Tariff), 7, : price per cubic metre for the collective wastewater supply (Two-
part Tariff).

Trese © Price per cubic metre in the TBSE system (Two-part Tariff), 705>

in the TBSE system for the drinking water supply, 7>

system for the collective wastewater supply

. price per cubic metre

. price per cubic metre in the TBSE

P : number of consumption blocks (IBT)
I, =[0,k,], I, =]k.k,], I;=]k,. k] ... : consumption blocks (IBT)
k., K,, Ky ... :tariff thresholds (IBT)

Ty, Ty, Ty ... :unitprices (per m®) in consumption block 1, =[0,k,],, I, =1k, k,], 1, =]k,.k;]

... Wwith 7, <7, <7y <....(IBT)

(F,7) vector of tariff parameters for Two Part tariff
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0, =(F,m, m,,k,) vector of tariff parameters for an IBT2, 6, = (F, 7, 7, 7;,k;, k,) vector of tariff
parameters for an IBT3, ...

7 =(q) : marginal price function (unit price scale)
D =D(q) : Nordin' D function (also called "Difference variable" function)

D, =0 : Nordin's D value of block 1, D, =(7,—x,)-k, : Nordin's D value of block 2,
D, =D, +(7;—7,)-k, : Nordin's D value of block 3 ...

7T average price of consumption, calculated excluding subscription fees

k : tariff threshold (structural progressivity)

D) Invoices

t: VAT rate (tz : VAT rate for the drinking water service, t, : VAT rate for the wastewater
service)

I : amount of the excise duty (in euros per cubic metre), I, : amount of the excise duty for the
drinking water service, Iy : amount of the excise duty for the collective wastewater service
T.®BT, T'°T" T™% - amount of the water bill in relation to the IBT system, the IBT system when
it is perfectly perceived, the TBSE system

T.°T —T.®™ - IBT mismanagement cost (linked to tarif misperception)

T =T(0y) ; captive part of the water bill (T,%", T,7)
T, =Ty : non-captive part of the water bill (T,*" =T, 57, T."™ —T.07, T,7 —T,[7*F)
T, =T(q) : minimum basic part of the water bill (T."" =T, (q;), T, =Trpee (q))
T, =T, non basic part of the water bill ((T;*" =T,®", T2 —T®" T, T 15
T.o', T.27 ... : IBT expenditure for consumption units in Block 1, in Block 2 ...

T.DT, 75T IBT expenditure for consumption units in Block 1, in Block 2 ... when the

IBT is perfectly perceived

TET, T2T ... IBT expenditure for basic consumption units in Block 1, in Block 2 ...

LTI

T (q) : average cost of consumption (Household)

T'(q) : marginal cost of consumption (Household)
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E) Subventions — ""Taxations" (Marges)

o, = (,zj _c) =—min [;;j _c,o:| : subsidy rate (in euros per cubic metre) in consumption block j

Tj =(7Z'-

J_c) =max|:;;j_c,o:| : margin per unit of service (in euros per cubic metre) in

consumption block j

C,, : subsidy/taxation of the access fee, ¢ tax amount (margin) on the Acess Fee, ¢, subsidy
amount on Access Fee

o =(7zj —c)xqij : subsidy/taxation on household i in consumption in block j, ¢

i - amount of tax

(margin) levied on household i's consumption in block j, ¢; : amount of subsidy received by
household i on consumption of tranche j

Siq - amount of subsidy received by household i on its consumption

§; : total subsidy received by the household i, including Access Fee

t,, - amount of 'taxation’ (margin) levied on the consumption of household i

t; : total tax (margin) levied on household i, including Access Fee

q - Total (mass) of subsidies granted on total household water consumption

: Total (mass) of subsidies granted on households, including Access Fee

S
S
T, : Total (mass) of taxes (margins) levied on total household water consumption
T

: Total (mass) of taxes (margins) levied on the domestic customer portfolio

S =(7zj —c)xgij subsidy/taxation on household i's basic consumption in block j, ¢/ : amount of

the taxation (margin) levied on the basic consumption of household i in block j, ¢; : amount of
the subsidy paid on the basic consumption of household i in block j,

S, : amount of subsidy received by household i on its basic consumption g
S, : total subsidy received by household i for the basic service (including access fee)
%, amount of "taxation™ (margin) generated on the basic consumption q; of household i

1 : total margin generated on the provision of the basic service to household i, including Access
Fee

S, : Total (mass) of subsidies granted on total basic household consumption
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S : Total (mass) of subsidies paid to households for the provision of basic service, including
Access Fee

T, : Total (mass) of margins generated on total basic household consumption

T : Total (mass) of margins generated on the provision of basic service to households, including
Access Fee

[T : profit (operating result)
IT; : profit (operating result) on Household i
I1,; =F —< : margin on Access Fee

m; : margin on consumption 0; of Household i

A

IT.,,=F —-<£—D, :: pseudo-subsidy / taxation (margin) on the Access Fee

M, = (7 —c¢)xq; : pseudo-subsidy / taxation (margin) on consumption (with 7; = 7(0;) the value
of the marginal price faced by household i)
M, =R, —C, : total net margin (potentially negative) generated on total captive consumption Q,,

M = R —C : total net margin (potentially negative) generated on the provision of the total basic

service
CF-nF RRYM RRRCEE g M pup I
Q QQn a Q
Q. : total subsidised consumption
Q_ : total consumption that is not subsidised (possibly margined)
C_Q* - total subsidised basic consumption
Q" : total unsubsidised basic consumption (possibly margined)

Q —9)+  total subsidised non-basic consumption

P U e

Q —9)_ : total unsubsidised non-basic consumption (possibly margined)

+

g; :subsidised basic consumption of household i
(0,-q) : subsidised non-basic consumption of household i,

g; : basic consumption of household i that is not subsidised,
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(qi - )_ : non-basic consumption of household i that is not subsidised,

F) Statistics ( x denotes the variable of interest)

X :average (mean)

X : median

D1, D2, ..., D9 : first decile, second decile, ... last decile
Q1, Q3 : first quartile, third quartile

F =F(x) : distribution function

V(x) =07 : variance

o, : standard deviation

MAPE : average of deviations from the arithmetic mean
i(x) : Gini index

S = S(x) : Schutz coefficient

Q) ratio : ratio of the average of the variable of interest calculated for the sole population of 'poor’
units (whose standard of living is below the poverty line) to the average of the variable of interest
calculated for the population as a whole

PPV (positive predictive value) : share of basic consumption in subsidised units

FDR : share of non-basic consumption in subsidised units

FOR : share of basic consumption in units that are not subsidised (possibly margined)
NPV : share of non basic consumption in units that are not subsidised (possibly margined)

P (prevalence rate) : proportion of production Q aiming to meet total basic needs, 9

LR, : odds within subsidised units (for a non basic unit wrongly subsidised, how many basic units
are rightly subsidised)

LR _ : odds within unsubsidised units (for a non basic unit righly unsubsidised, how many basic
units are wrongly unsubsidised)
DOR (Diagnostic Odd Ratio) : odds ratio

TPR (True Positive Rate) : proportion of basic consumption that is subsidised
FPR (False Positive Rate) : proportion of non-basic consusmmation that is subsidised

FNR (False Negative Rate) : proportion of basic consumption that is not subsidised (possibly
margined)
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TNR (True Négative Rate) : proportion of non basic consumption that is not subsidised (possibly
margined)

G) Demographic and socio-economic variables

R; : net income of household i

1, -elasticity of the variable y (dependent variable, explained variable) in relation to the variable
x (explanatory variable, determinant)

K : tariff perception parameter

CAR; : weight of EP/EPA bill in household income for household i

PAR; : weight of EP/EPA bill in household income i to cover basic needs

e, : affordability deficit of household i (e : affordability deficit as defined by the PAR for
household i, 8" : affordability deficit as defined by the CAR for household i)

H Household = PAR Household Headcount ratio (proportion of households facing an affordability

PAR

issue as defined by the PAR criterion)

H Houserold - CAR Household Headcount ratio (proportion of households facing an affordability
issue as defined by the CAR criterion)

I" : aggregate surplus (Welfare)
U.(-,) : utility function of household i

U:() : Gross surplus function of household i

V.() : net surplus function (also known as consumer surplus) of household i (with then
Vi()=u()-T())

¥; : contribution to aggregate surplus I" of household i

N; : family size of Household i

SNWA,;: share of non-working adults with respect to total number of adults within Household i

Pool : dummy variable which takes the value 1 if the household has a swimming pool (0 otherwise),
Garden : dummy variable which takes the value 1 if the household has a garden (0 otherwise),
Weather : percentage of days without rain over the billing period (rainfall frequency).
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