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Cost-Benefit Analysis of Environmental Quality | mprovement
Projects. Uncertain Benefits of Willingnessto Pay from
Referendum Contingent Valuation

Diego J. Rodriguez

Abstract

Theuseof contingent valuation (CV) methodsto estimate benefits hasbecomeincreasingly common
in project analysis. Ever since the NOAA Blue Ribbon Panel Report in 1993 (NOAA, 1993)
recommended the

use of the referendum form of CV, it seems to have become the method of choice in practical
settings.

Referendum-type questions are thought to be easier to answer than the open-ended variety. But there
Isadownside: econometric techniques must be applied to the referendum datain order to infer the
mean or median willingness to pay (WTP) of the sample and, thus, of the population of potential
beneficiaries.

This is not, however, just atechnical point. Its implications are demonstrated with data obtained
from areferendum CV study done for a proposed sewer and wastewater treatment project designed
toimprovewater quality inthe Tieté River flowing through the city of S&o Paulo, Brazil. Theresults
show that:

A factor of 4 separates lowest from highest centra tendency estimates of WTP, ignoring one
implausible outlier that is 14 times larger than the largest of the other figures.

Thisvariationisampleenoughto makeadifferencein the cost-benefit analysisresultsfor the project
under conservative assumptions.

Analyststhat use referendum CV data must be sensitive to the problems they buy into, and decide
how to deal with theresulting benefitsuncertainty intheir project analysis. If the principal useof CV
survey datais to produce a mean or median estimate of WTP for Cost-Benefit anaysis rather than
to test for the factors influencing referendum choice responses and, by implication, WTP,
nonparametric approaches have the advantage of smplicity over parametric approaches.
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Section |: Introduction

Cost-benefit (CB) analysis of proposed projectsisan inherently uncertain enterprise becauseit involvesthe
future, which we can never know. Costsand project performance can be different from our expectations. The
economy in which the project is embedded may change, and the tastes, incomes and preferences of the
population affected by the project may change as well in ways hard to predict. When the proposed project
involves environmental public goods, such asimproved water quality, another widely recognized source of
uncertainty isthe behavior of the natural systeminvolved. Completing thisfamiliar list is uncertainty about

project benefits, the issue of concern in this paper.

Anincreasingly respectable and common way of estimating the benefits of environmental projectsisto use
the so-called contingent valuation (CV) method, which involves directly asking people about their
willingnessto pay (WTP) for the environmenta effectsto be provided by the project. Two broad aternative
ways of asking the valuation question are available: “ open-ended,” in which the respondent can name any
amount s’/he wishes when asked some version of “What are you WTP?'; and “dichotomous choice”

(referendum or yes/no) in which therespondent isasked: “ Areyou willing to pay (at |east) B$ (per period)?’

Thereisavast and rapidly growing literature on these methods, especialy the problemsthat arisein creating
successful survey instruments, obtaining satisfactory response rates, and interpreting responses. See, for
example, the relatively early seminal work by Mitchell and Carson (1989); and the exchange in Economic
Per spectives occasi oned by the huge damage-esti mation effortsdone by both sidesinthe Exxon Valdez case,
Portney et al. (1994).

One ambitious attempt to assess the usefulness of the method and to suggest ground rules for future
applications was made by the National Oceanic and Atmospheric Agency (NOAA) inthe U.S. inthe early
1990s. This effort involved a panel of distinguished economists, and the panel’s report (NOAA 1993) has

been very influential since its publication.

In particular, and most relevant to this paper, the panel recommended that CV studies be done using yes/no

referendum format questions. This recommendation has been adopted by many practitioners who deal with



real-world program or project evaluation. For example, at the Inter-American Development Bank (IDB)
contingent valuation has become the method of choice for estimating the benefits of investment projects
whose primary objective is improving water quality. Over the past decade the Bank approved 18 projects
with sewer provision and/or wastewater treatment components, and 13 of them employed CB analysiswhose
benefits came at least in part from CV estimates. Most of the stated preference CV surveys used the
referendum format (Ardila et al. 1998).

The referendum CV approach opens up a new and substantial source of uncertainty in benefit estimation.
That sourceisthe choice of econometric technique and subsequent cal culation rules used to trand ate yes/no
responses into mean or median WTP numbers. In project analysis this source of uncertainty is easily
overlooked; almost none of the projects reviewed by Ardila et al. (1998) addressed it. Moreover, most
analyses appear to have used an estimation formula that understates benefits.

Thispaper demonstratestherangealternative central tendency measuresfor WTP produced under alternative
parametric and nonparametric® approaches using datagathered from arecent referendum CV survey that was
conducted in Brazil to analyze alarge, multi-phase water quality improvement project. It explainswhy one
of the most commonly used measures, the unrestricted mean of the conditional inverse distribution function
of WTP, may be less desirable and more computationally intensive than simpler alternatives like the

nonparametric mean of the marginal inverse distribution function.

The paper is organized as follows. First, the surrounding issues in project analysis of environmental
investments at the Inter-American Development Bank (IDB), including the IDB requirements for project
economic analysisand areview of current practice are presented. Following, abrief introduction to the CV
method is presented with a utility theoretic motivation for the method. The probability models used in the
study are presented. Moving closer to redlity, alternative central tendency measures are proposed and
illustrated using referendum contingent valuation survey data collected for the case study presented. The
water quality impacts of the case study project that respondents were asked to value in areferendum CV
survey are briefly described. Then, eleven different versions of acentral tendency measure of per household
benefits from the project data are produced using methods suggested in the literature. Six come from the

economist’ s customary route of econometrically estimating a binary choice model relating the respondent’ s

1 In the context of this paper, nonparametric means “distribution-freg”; that is, the distribution function of the random
variable producing the data heed not be specified.



acceptance probability to the bid offered and socioeconomic characteristics, using a Logit specification of
theinversedistribution function.? Therest are alternativeswhich either invol ve nonparametric measuresthat
can be easily obtained without econometrics from the pooled data (i.e. the marginal rather than conditional
distribution), or a more complex method that imposes lower and upper bounds on median WTP in
econometric estimation. Finally, the effect that uncertainty about “actual” WTP has on the discounted net
benefits of the case study project is explored.

2 The emphasis throughout the paper is on function evaluation to extract a measure of central tendency, not
on the prior steps of CV survey design or choice model estimation. Instead, the survey istaken asagiven. The
specifications of the functional form and argumentsin the econometric choice model follow the sel ections made by
the Brazilian consultant who initially analyzed the data.



Section I1: Issuesin Project Analysis of Environmental | nvestments
at the Inter-American Development Bank (I1DB)

Bank Requirementsfor Project Economic Analysis

The DB’ s Operational Policy of 1980 requires, when feasible, a cost-benefit analysis of project feasibility,
whereall inputs and outputs must be valued in opportunity cost or economic efficiency terms. Also, it states
that feasible projects must have an economic internal rate of return of at least 12 percent, or a positive net
present value using a 12 percent discount rate, and also concedestheuse of cost-effectivenessanaysiswhere
the value of benefits cannot be reliably estimated (Ardila, Quiroga, and Vaughan 1998).

Review of Actual Practice at the I DB

When economistsanalyzeinvestment projects, and when benefits can be measured monetarily, Cost-Benefit
(CB) Analysisisthemethod of preference. When benefitscannot be measured accurately, Cost-Effectiveness
(CE) Analysisis used to compare costs of alternatives of reaching a specific target and identify the option
that coststheleast (Vaughan and Ardila1993). Although CE analysisisaacceptablealternative, economists
tend to favor CBA for analyzing standard investment projects.

The methods and techniques used at the IDB to estimate benefits for environmental quality improvement
projects have varied. In the 1980s, very few projects in environmental quality improvement or natural
resources management were approved, with the exception of a handful of projects in urban sanitation and
urban housing. When benefitswere estimated, the most accepted method wasthe hedonic markets methods®.
Economists were unfamiliar with the use of contingent valuation and in rare occasions used travel cost
methods (Vaughan and Ardila 1993).

*The hedonic markets methods use regression analysis of the relation between property values and the
attributes of the property, the local environment, and the neighborhood to calculate the marginal value of a change
in these attributes (Vaughan and Ardila 1993).



In the 1990s the situation changed dramatically. The number of projects for environmental quality
improvement or natural resources management increased substantially; technical expertise became more
versed in contingent valuation methods, gradually replacing the use of the hedonic market and travel cost
methods. Part of the reason for this shift in methods was attributed to the tendency to overestimate benefits
with the manner in which the hedonic method was applied in the IDB where economists never tried to
estimate the marginal value functions for attributes (Vaughan and Ardila 1993). In lieu, the hedonic price
function was used to produce an upper bound estimate of benefits of an attributed change (Vaughan and
Ardila1993). Additionally, hedonic market methods are data intensive; the lack of appropriate data setsis
amajor issue in the developing countries. In projects addressing air pollution, water pollution, and solid
waste disposal, sources of waste discharge should be inventoried. Proper measurements of ambient
conditions need to be madein order to determine how often air and water quaity standards are not being met.
Then, the effects of the proposed investments on ambient conditions should be established which means

determining the changesin ambient quality indicators acrosstime and spacethat the project will bring about.

In one ex-post eval uation exercise, the DB compared hedonic and contingent val uation estimates of benefits
of supplying alternative housing solutionsto peopleliving in precarious conditions (see Table 1). Theresults
were consistent with the belief that hedonic method provided an upper bound estimate of benefits.

Table 1. Comparison of Hedonic and Contingent Valuation Methods (CVM)

Hedonic CVM

Basic 2 story home Net Present Value Benefit 2,129,037 1,769,500

90 n?? living space (pesos)

Minimum 1 story home Net Present Value Benefit 909,255 1,039,780

30 n?? living space (pesos)

Self constructed cement Net Present Value Benefit 1,505,844 1,205,150

home (pesos)

72 m? living space

Overall Project Rate of Percent 52 -5.2

Return

Source: Vaughan and Ardila 1993.



In 1998, adesk review of 27* projects approved since 1989 that had ambient water quality improvement as
an objective was undertaken. The projects were identified by searching the IDB’s project data base, by

interviewing staff involved in the preparation of the projects, and by reviewing project documents.

The study concluded that the preferred benefit estimation approach for sewer and treatment componentswas
contingent valuation; 14 out of 18 projects. Each one of the projectsfrom the sel ected sampl e, presented the
expected willingnessto pay estimates asasingle number and consequently, asingle net present valuefor the
entire operation. Nowadays, CV is widely used and accepted at the IDB to estimate the benefits of

environmental quality improvement operations.

#18 were specific investment loans and 9 were multiple works loans. Global multiple works involve
numerous investments in several cities and only a representative sample of investmentsis analyzed a priori. Global
multiple works documents do not contain many useful information and were, therefore, omitted from the study.
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Section 111: Direct Benefit Revelation Theory: Non-Marketed
Environmental Benefits

Valuing Public Goods. The Hypothetical (or Contingent) Market Experimental Technique

The Contingent Vauation Method (CVM) has been used since the early 1960s. Robert Davis used
questionnairefinterviews of 121 hunters and recreationists in the Maine area to estimate the benefits of
outdoor recreation (Mitchell and Carson 1989). In the late 1960s, Ronald Ridker used the CVM in
Philadel phia and Syracuse to estimate air pollution benefits. In the 1970s, CVM was used to value various
recreational amenities. Ciccheti and Smith used it to estimate willingness-to-pay to reduce congestionin a
hiking area; Arthur Darling used the CVM to value amenities of three urban parks in California; Alan
Randall used CVM to estimateair visibility benefitsin the Four Cornersareain the southwest; Acton applied
the method to valuing programs which reduced the risk of dying from a heart attack (Mitchell and Carson
1989). By the late 1970s, CVM became a recommended method for determining project benefits for
empirical resources such as environmental amenities. In 1979, the Water Resources Council recommended
CVM inits"Principles and Standards for Water and Related L and Resources Planning”. In early 1980s, the
U.S. Army Corps of Engineers began to use CVM to measure project benefits (Mitchell and Carson 1989)
and CVM was also recognized under the Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 (Mitchell and Carson 1989).

CVM s a stated preference technique used to measure willingness to pay for certain nonmarket
commodities. Since it may include nonuse values, it may be one's only alternative method for estimating
use and nonuse values, especialy for goods not traded in markets. Furthermore, the CVM is the only

technique that measures Hicksian surplus directly, without requiring additional manipulation.

Under CVM ahypothetical scenarioiscreated and individual s are surveyed through phone, mail or personal
interview methods. To get amonetary measure of ascenario involving welfare change, individual sare asked

the amount they would be willing to pay for the good (the welfare improvement) in question.



CVM assumesthat individual srespond the sameway to ahypothetical situation asthey doto areal scenario.
If 0, their willingness to pay will be arealistic money measure of the individuals' worth or utility gained
or lost from changes in the availability or quality of non-marketed environmental goods. CVM is been
widely used in environmental and natural resource economicsand it isthe most popular method for applied
research (Hazilla 1997).

Contingent val uation approaches to project benefit estimation necessarily involve surveying samples of the
population of interest. If the sample is representative of the population, the sample mean of willingness to
pay per capita(or per household) can simply be attributed to everyone in the beneficiary population of size
N, so total project benefits are obtained as the product of N and per capita WTP.

There are three basic survey designs: (a) open-ended surveys where individuals are asked to state a
willingness to pay; (b) closed-end referendums where individuals are presented with a bid and respond
yes/no binary decision (single-response referendum); and (¢) closed-end double referendums where
individuals are presented with a sequence of two payments to obtain binary decisions (double-response

referendum).

Inthe early years of CV, the method of payment elicitation was open ended. People were asked to reveal the
specific monetary amount they would be willing to sacrifice for the provision of a non-marketed good such
asanimprovement in ambient environmental quality. Obtaining ameasure of central tendency fromthiskind
of data was as simple as calculating the mean or median of the WTP values provided by the survey
respondents. The econometric analysisinvolved was minimal, usually being confined to plausibility checks
undertaken by split sample comparisons or by regressing the payment amounts on income and other
socioeconomic variables to see if the signs on the parameter estimates in the relationship were consistent

with prior expectations (e.g. WTP increasing with income).

| ssues with Referendum Models

All of this changed with the advent of the referendum format, which only asks if the respondent would or
would not be willing to pay a specific pre-selected amount. Under thisformat it is not possible to know the

true WTP of any individual directly. Because those who answer in the affirmative might actually be willing
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to pay even more, and those who answer in the negative might bewilling to pay something less, econometric
techniques have to be brought to bear to somehow interpolate and infer an expected value or other central
tendency measure from the dichotomous choice information. Simplicity of data analysis was sacrificed in

the referendum method in order to construct what many felt was a more realistic choice game.

In consequence, the notion that contingent val uation experiments of the referendum type can reveal aunique
number which accurately and unambiguously represents individual willingness to pay for water quality
improvement is unrealistic. Rather, there are several possible numbers, each dependent upon the way the
initial survey was designed and administered and the way the resulting raw data was passed through the
summarizing econometric sieve and reconstituted in the form of a central tendency measure. In short, such
estimates are always uncertain when we acknowledge the existence of many routes that potentially can be
taken to get at them and the several decision alternatives present at each step along the way. Thisis not a
counsel of doom, or asuggestion that CB analysis based on referendum CV not be undertaken. But itisafact
that any benefit estimate to a greater or lesser degree is aways a product of the analyst’s protocol and

judgement, something respectable analysts recognize and communicate to the users of their results.

The potential for a negative estimate of the expected value of willingnessto pay is only a special example
of amore general issue with referendum CV, which isthat the willingness to pay value extracted from the

data can be heavily influenced by the methodological approach taken.

There are basically two routes to analyzing referendum data. The one most frequently pursued by project
economistsinvolves several steps, beginning with the specification and statistical estimation of one or more
probability models of individual choice, employing prior assumptions about the form of the inverse
distribution, and the covariates belonging in the distribution which serve to change its location and shape
acrossrespondents. Thisisfollowed by the evaluation of conditional mean or median formulas derived from
the choice model, which depend on its estimated parameters. After calculating individual -specific means or
medians, averages are taken over the entire sample to produce global central tendency measures. A less
frequently traveled but much easier route ignores covariates and does not specify any particular inverse
distribution. Instead it uses al the data in pooled form (i.e. the marginal distribution) to produce
nonparametric measures of central tendency. Given its prominence, the next two sectionsconcentrate onthe

parametric route, followed by a discussion of nonparametric options.



The parametric route can quickly become quite complex, producing a wide array of central tendency
estimates. It isnot uncommon to find instances where predicted WTP can vary from low to high by afactor

of two, five or ten with the same data, depending on theanalyst’ schoice of density function, the specification

of thefunctional form of theindirect utility index and its arguments, and whether amean, atruncated mean,
or amedianisused. In short, with referendum data there are a host of possible measures of central tendency
of willingness to pay. Gauged by their frequency of use by practitioners, all of them might seem equally
legitimate, but this is not a useful criterion. For instance, the untruncated mean extracted from Logit
estimation of arandom utility model (see Table 2 below) has been one of the most popular measures used
in IDB project analysis and in the literature more generally, even though it is potentially vulnerable to the
problem of negative WTP.

The Models

In order to estimate WTP we have to estimate the probability of accepting or rejecting the offered price as
afunction of the price itself and some socioeconomic variables that shift the indirect utility function (Ah

below). We assume that the probability function follows alogistic distribution. Therefore, the method of

maximum likelihood® via a binary choice Logit model will be devel oped.

The Logit Model

Consider thefollowing logistic representati on of accepting the obligationto pay apricefor an environmental

quality improvement:

*The method of maximum likelihood involve estimati ng those parameter values that most likely yield the
observed data set. We begin by defining a likelihood function, which is the product of the PDF evaluated at each of
the observation values (Morgan and Henrion 1992). By taking the first derivative of the log likelihood function with
respect to each one of the parameters and setting them equal to zero we obtain the values of those parameters that
maximize the function.

10
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“(BotByXyt et By X

(1) P, = E(Y = 1[X) =
l+e

where Y=1if a"yes" response and O otherwise and X, = socioeconomic variables.

Rewritten for simplification:

) P, =

where G, = 3, + B, X, + ... + B X,

Equation (2) is known as the logistic distribution function. We can see that as G, ranges from - « to + e,

P, ranges between 0 and 1. Furthermore, we can aso observe that P, is nonlinearly related to G,.

Now, P, isthe probability of accepting the price (equation (2), so (1 - P,) isthe probability of rejecting the

price.
That is:
1
(3) 1-P = =
l+e*

If the data are grouped (i.e. instead of observing 0, 1 for each observation we observe the aggregate percent

acceptance at each price:

@ - - e
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The expression on the left is simply the odds ratio in favor of accepting the price. We can take the natural

log of the expression and get:

(5) L, = In( P

From this expression we can seethat L, the log of the oddsratio islinear in X and linear in the parameters.
L iscalledthelogit model for grouped data(Gujarati 1995). Since our data are not grouped, we estimate (2)
by maximum likelihood using the LIMDEP econometrics package.

Using the survey findings, an econometric model will be developed to estimate the likelihood that an

individual will or will not agreeto pay the stated amount to secure the benefits of the program. Based on the
estimates, an average willingness-to-pay (WTP) per month per family will be calcul ated.

The Probit Model

As we've seen, the Logit model uses the cumulative logistic function. In some instances, the normal
cumulative distribution function has been found useful. The estimating model emerging from this normal
function is the Probit Model.

Consider the same function as used in the preceding example:

Gy = Po+ P Xy + BiX,

Given the assumption of normality and following same notation as above, we have the Probit model:

Gy t2

©) P E(Y=1X)- —= [e?d
2n”
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wheret isastandardized normal random variable, i.e., t ~ N(0,1). In this probability model, the probability
P, that Y=1 lies between zero and one, since it is the probability that the standardized normal random
variabletislessor equal to G, = B, + B, X, + ..... + B X,. Asthe utility index G, increases from - « to + o,
theprobability P, that Y =1increasesmonotonically (Griffithset al. 1993). Since P, representsthe probability

of a"yes" response, it is measured by the area of the standard normal curve from -« to G,

Logit or Probit?

Both models are very close to each other except at the tails, with the logistic (logit model) having slightly

flatter tails. Therefore, the choice of one model over the other is amatter of mathematical convenience and

availability of computer programs.

Specification | ssues

In order to estimate a L ogit or Probit model, several specifications have to be made:

1) Specifications of the arguments of the indirect utility functions. In other words, the explanatory

variables that belong in the model must be chosen from the survey.

2) Specifications of the functional form of the indirect utility function (linear, power, etc.).
3) Specifications of the cumulative density function (linear, logistic).
4) Specification of the limits of integration of the function of interest to derive the expected value of

the willingness-to-pay.

Utility-Theoretic Motivation

Consider an individual who must decide whether to answer yes or no to the following: Would you vote for

a programto increase environmental quality from o to ql if it would decrease your annual income by $B?

13



Let the indirect utility function be u(Y,q,X) where Y represents income, X is a vector of individual

characteristics and the vector of market prices P is omitted since prices are assumed to be constant.

Theindividual responds yesif:

(7 u(Y-B, o, X) - u(Y, % X) > 0

and no otherwise,

Let h(-) be the observable component of utility. Here h represents and indirect utility function which in
statistical estimation is often called the index function or utility index, denoted as the summed product of
the parameter estimates and the explanatory variables, X3 (Greene 1990, p. 673). The probability of a"yes"

responseis given by:

(8) Pl = P[h(Y - Bv q1! X) + €1 > h(Yv qO! X) + eO]

Where €,(i= 0,1) are independent, identically distributed random variables with zero means and the error
term representsinfluences on utility not observed by the analyst, or just random error in the choice process
itself. Assuming the error difference follows a L ogistic distribution, the probability of a"yes" response can
be expressed as an estimable random utility (difference) model, or RUM:

® P= e/ (1+ €M) = (1+ &™)

Where Ah = h' - h® and h° representstheinitial indirect utility function and h isthe indirect utility function

reflecting the decrease in Y by B and the increase in environmental quality from o° to . The linear utility
differenceindex Ahinthe "no income effects' RUM is usually specified as a function of the bid level, B,
and a set of socioeconomic variables, S, including a constant term (o;-o,) but not including income as an
argument (i.e. Ah=(o;-ap)+ B B +¢ S). Thismost basic of specificationsimposesthe assumption of aconstant

marginal utility of income, which simplifies recovery of an expected value for WTP.

14



By reversing the sign on the probability difference, we get the expression for the probability of rejecting the

offer:
(10) Po=(1+€")?
We define the Willingness-to-pay for g* (WTP) by the amount of money that must be taken away from the

individual enjoying animproved amenity level, g, that leaves he/she as well off astheinitial amenity and

income situation.

(11) u(Y-WTP, ql) =u(Y, q°)
and
(12) h(Y -WTP, q") + €, - €, = (Y, o)

Because of theterm €, - €,, WTP isarandom variable. Then, the probability of accepting the offer isalso
the probability that WTP > B, and the probability of rejecting the offer isthe probability that WTP< B. This
isacumulative distribution function and can be denoted as F(WTP). As pointed out by Hanemann (1984),
the truncated expected value of the random variable (WTP) can be found from the cumulative density

function as follows:

o0

(13) E[WTP] = f [1-F(WTP)]dWTP
0

Here, the integration is only over positive values of WTP, because if there is utility improvement, WTP
theoretically cannot be negative (although it can depend on who you ask and how the question is phrased).
Similarly, the untruncated expected value of the random variable (WTP) can be found from the cumulative
density function:

I~ 0
(14) E[WTP] = f [1-F(WTP)]dWTP - f [F(WTP)]dWTP
0 —0
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The latter, treating the negative domain of WTP as admissible, will generally be less than or equal to the
truncated WTP represented by the first term in the above expression (Johansson et al. 1989).

For the Logit probability model, Hanemann (1984) and Ardila (1993) provide the WTP formulas shown in
Table 2 for the unrestricted expected value, the median, and the truncated expected valuethat restrictss WTP
to be positive.

The o term in the table is shorthand for an augmented intercept absorbing the estimated constant and the
socioeconomic variable influences on ah (o below equals (a,-0.;)+CS). Theletter Cinthetableis shorthand
for the central tendency measure of WTP, following the notation of Hanneman (1984), the original source.
In models with several explanatory variables, the parameter o can be replaced by an augmented intercept,

using the coefficient estimates eval uated at the means of the independent variables, except of course, thebid

price, B.°6
Table 2. Formulaefor Central Tendenciesfrom the Probability M odel
Description Symbol Equation
Mean, E(WTP), - « <WTP < C+ olp
Median WTP C* olf
Truncated Mean, E(WTP), 0 < WTP < (03 In (1+exp («))/B
Truncated Mean, E(WTP), 0<WTP<B,, c~ 1B In[(1+exp(w))/(1+exp(o-BB, )]
where B, is the maximum bid
Truncated Mean, Log Transform, C|+ exp(-a/P) [(r/B)/(sin(m/B))]
E(exp'”(WTP)), -0 < INWTP < " (Only appliesif 0 <1/p<1, otherwise numerical
(utility difference logit, log of bid, O Lower Limit, approximation required)
No Upper Limit)
Truncated Mean, Log Transform, C; No Analytic Expression-Requires Numerical
E(exp™™™), -« < InWTP <In Income Approximation

(utility difference logit, log of bid, O Lower Limit,
Income Upper Limit)

® The augmented intercept, a, referred to in Table 2 is simply the original intercept (for purposes of this
note call it B,) plusthe rest of thei=1...n-1 parameter estimates other than the bid parameter estimate multiplied by
the respective sample means of the explanatory variables X;. The B attached to bid in Table 2 is, in this notation,
equivalent to B,..
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Table 2. Formulaefor Central Tendencies from the Probability M odel

Description Symbol Equation

*

Truncated Median, Log Transform C exp(a/P)

In

Model Assumptions

Given the theoretical underpinnings of the conventional random utility model (RUM) sketched above, itis
necessary to recognize that when the RUM isspecified asaL ogit model with alinear utility differenceindex
specification, afundamental contradiction arises because the Logit potentially allows predicted willingness
to pay to fall between minus and plus infinity, admitting the possibility of negative values. Negative WTP
should beruled out for well conceived environmental improvements, asshould expected paymentsexceeding
actual income.” The expedients for guaranteeing satisfaction of one or both of these limits by evaluating the
linear utility index model estimated with Logit or Probit from zero bid to either plus infinity or income
(truncated means), or by forcing the estimated density to lie in the positive region by using the logarithm of
bid rather than the untransformed bid in estimation, leave agreat deal to be desired. They are just ad-hoc
fixes to the conventional random utility model’ s fundamental specification error of an unrestricted error

term.

Although it was originally discussed in the late 1980s (Johansson, Kristrdm and Méaler, 1989; Hannemann
1989) theissue hasrecently been brought morefully to light by Haab and McConnell (May 1998). Thelatter
suggest employing abetadistribution for the density of willingnessto pay to consistently hold WTP between
zero and some upper bound such asincome. In an unpublished study Haab and McConnell (August 1997,
January 1999) have proposed an alternative way to achieve asimilar restriction by bounded Probit (or Logit)
estimation. Because this method is much simpler toimplement than the beta, it isapplied to the Tieté project

" Thisis strictly true only if the answer supplied reflects an understanding that payments for the good
offered are to be taken out of current income without drawing down savings or liquidating other forms of wealth. It
isunlikely that low income survey respondents (who usually dominate CV surveys taken in devel oping countries),
would either have assets to pledge or be willing to pledge them in excess of current income when valuing a non-
unigue environmental good like water quality improvement. However, the preservation of unique natural assets may
evoke contributions in excess of income, especially among the upper strata, and especially if the question is posed
as a one-time payment rather than a series of payments strung out over several years.
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referendum survey data, where it produces reasonable estimates for the median, but curious estimates for

the mean.
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Section 1V: The Case Study Context: A Water Quality
| mprovement Program in Brazil

The Tieté River Pollution Problem: Description of the Project

The state of Sao Paulo in Brazil occupies 240,000 km? (2.9% of Brazil’s area) and has a population of 33
million. Itsindustrial park isone of the most important in Latin America, generating almost 30% of Brazil’s
Gross Domestic Product. The Sao Paulo Metropolitan Area (SPMA) occupies 8,000 km? and has a
population of 16 million (11.2% of the country’ s total).

TheTieté River originatesjust 95 km east of the city, picksup its pollution load upon passing throughit, and
flows for another 1095 km before joining the Parana River. The majority of the municipalitiesin the area
are located in the watershed of the Tieté River (upper Tieté) and its main tributaries. the Pinheiros,
Tamanduatei, and Juqueri. The industrial center of Cubatao, which generates the highest atmospheric and
water pollution in Brazil, islocated in Sao Paulo State.

The parts of the Tieté River and its tributaries flowing through the SPMA are the most polluted bodies of
water in the State. The Tieté enters the metropolitan area with acceptable water quality characteristics but
in Guarulhos, at the confluence of the Jacu river, it becomes anaerobic (see Map 1 below). From the Jacu
downstream the large volume of untreated domestic and industrial waste dumped into the relatively small
volume of river flow has made the river an open sewer that supports no aguatic life, smells most of the year,

and is used only as a sewer canal for more than 80 kilometers.

The city of S&o Paulo has developed around the Tietéin away that adjustsfor the river’ s extreme pollution.
On either side of the river, the Paulistas have built large expressways, which impede access. Land adjacent
tothe expresswaysisused predominantly for industry or commercial storage and wholesaleactivities. Land
use has adjusted, but the problem remains. Surveysindicate that peoplewho drivethe expresswaysand work
inthe areas are aware of the stench of theriver. Sections of the expressways frequently flood in rainy season

exposing people to health risks. The water istoo contaminated even for industrial use.

19



The Edgard de Souza dam, located about 20 kilometers downstream from the confluence of the Tieté and
the Pinheiros rivers, permits the diversion of the Tieté into the Pinheiros. Between 1930 and 1991 the
devating plantsof Traicéo and Pedreirapumped Tieté/Pinheiroswater to the Billings Reservoir whereit was
used by the 887 MW Henry Borden hydroel ectric plant. Because of theincreasing deterioration of thequality
of the Tieté, the 1989 Constitution of the State of S&o Paulo required state and municipal authorities"to take
effective measures' to stop the pumping of wastewaters, and other polluting substancesto Billingsreservair.

Thepollution iscosting the power generating company, EMAE, about US$66 million in foregone revenue.

Thetributaries of the Tietéin the metropolitan areaand the Tiéte itself receive wastewell beyond theriver's
natural processing capacity. At present the organicloadispredominantly from househol ds (360 tonsper day,
80% of thetotal). Surface runoff accounts for 62 tons per day and industry contributes 30 tons per day. The

problem is severe all year long and becomes critical in the dry season.

Domestic Contamination

The Tieté River and its principal tributaries are fed by a number of smaller tributariesin the SPMA. These
tributaries lie in the service areas of four sanitation companies. Three of these companies (Saneamento
Basico do S&o Paul o--SABESP, the muni cipality of Guarulhos, and ABC areupstream fromthecritical areas

of the river affected by the project), the fourth, the municipality of Osasco, is downstream.

Table 3 presents the data on the percentage of houses in each of these four areas with water and sewerage
services supplied by public sanitation companies. Table 3 shows that SABESP treats more of the sewage
it collects (61%) than any of the other three companies operating in the SPMA. ABC has higher coverage
with sewerage services (85% vs. 79%) but a much lower percentage treated 48%. Guarulhos has the worst
indicators with 70% sewerage coverage and no treatment at al. Thusit is hardly surprising that the Tieté

becomes anaerobic when it flow through Guarulhos.
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Table 3. Percentage of Householdsin the SPM A Served by Publicly Supplied Water and
Sewer age Servicein 1998

Company Water Service Coverage | Sewer Service Coverage Sewage Treated
SABESP 98% 79% 61%
Guarulhos 95% 70% 0%
ABC 100% 85% 48%
Osasco 98% 70% 24%

The SPMA till has 89 collectors serving sewer networksthat discharge untreated sewerage directly into the
tributaries of the Tieté. In addition, there are alarge --but unknown-- number of households with sewers

connected to the storm sewer system also discharging raw sewerage in the Tieté River and its tributaries.

Surface Runoff

A second source of contamination comes from material washed by rainfall from the streetsand land into the
storm sewer system or directly into the streams and rivers. Much of this contamination comes from
householdsthat are not connected to the sanitary sewer system. Contamination al so comesfrom solid wastes
that have been thrown in streets, gullies, or streams and from organic matter (such asfallen leaves) that is

washed to the storm sewers or local streams.

The househol ds not connected to the sewer system have a separate and important problem of contamination

of the local environment. These conditions lead to localized health problems.

Industrial Contamination

During the first stage of the Tieté project (see below) completed in 1998 the Companhia de Tecnologiade
Saneamento Ambiental (CETESB) focused on controlling the discharges of the 1,250 most important
polluters. It succeeded in reducing the organic discharges of industry by 59% and the inorganic discharges
by 74%. Many of these industries now pre-treat their effluents before they are discharged to the Tieté, but
these pre-treated effluents still go into the river system. In addition, there are an additional 3,486 industries
with significant pollution potential that are discharging untreated wastes into the river. Thus, each day

21



roughly 150 tonsof biochemical oxygen demand (BOD) and 1.5 tons of inorganic load per day are still being
discharged by industry into the Tieté.

Pollution Control in the Multistage Program

The proposed project for cleaning up the Tieté River involves extension of sewersto currently unsewered
households (and businesses) and the provision of wastewater treatment plants at the discharge ends of those
sewers. Themajor objectiveisthe removal of oxygen-demanding organic materials (measured asBOD) and

safe disposal of sewage sludge.

The problem of contamination of the Tietéisenormous. The solution is expensive and will take many years
to achieve. SABESP and the Bank agreed to divide the project in three stages, taking the technical and
financial resources of SABESP into consideration. The stages are not independent; all are needed to attain

any benefits.

Stage | (1993-1998)

The main objectives of thefirst stage, which has been completed, wereto: (i) enhance the quality of lifefor
the population of the SPMA; (ii) improve health and environmental conditions in the areg; (iii) reduce the
pollution of the Tieté River and its main tributaries; (iv) study the use of the water resources and formul ate
subsequent stages of the project; (v) strengthen the legal and institutional structure of the state of Sao Paulo
for contral of industrial waste; and (vi) train technical and administrative staff to operate and maintain the

wastewater treatment plants.

In addition to the wastewater treatment plants of direct concern here, the project also provided for sewer
construction. The treatment component involved the construction of two new wastewater treatment plants
and the expansion of an existing plant; increasing the proportion of wastewater treated from 19% in 1992
to 45% by 1998. Specificaly, the works were:
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(1) Sao Miguel Plant: construction of the first module using the activated sludge treatment

process with digestion by anaerobic bacteria. This plant will treat 40% of the flow from

industries located in the area and serve a population of approximately 720,000.

(2] Parque Novo Mundo Plant: construction of an initial module using activated sludge

treatment. The sludge produced will be chemically stabilized and primary sedimentation
omitted. The plant will serve a population of 1.2 million and it will treat 14% of the flow

from industries located in the area.

(3] Barueri Plant: expansion of the number of secondary sedimentation units. The plant will
serve an additional 1.2 million persons and 14% of the total flow will be from industries

located in the area

Stage | of the project removes about 25% of organic material of domestic and industrial origin discharged
into the Tieté River, and similar amounts of other pollutants such as inorganic material, toxic compounds,
and fecal coliforms. BOD5 concentrations in the most critical (worst) reach should fall from a "without
project” level of 86 mg/l to 40 mg/l. However, despite the BOD reductions, dissolved oxygen (DO) recovery
islimited, sinceabsolute BOD levelsaretill too high (well over the5 mg/l of BOD defining a'clean” river).
Increasesin DO between 0.5 to 1.0 mg/lI would only occur just before and after the long anaerobic stretch,
which Stage | shrinksfrom 100 km to 75 km. Odor reduction isthe major beneficial water quality effect of
Stage |, but it still leaves DO at levels that are too low to support aquatic life.

Cost-Benefit (CB) analysis was only undertaken for the sewer connection component (including costs for
sewershbut not treatment plants), presumably becausethebenefitsof Stagel alonewerenegligible. Tochoose
the treatment plant capacities, locations and construction timing, a Regional Least-Cost Mixed Integer
Programming model wasused to minimizethesum of treatment plant investment, operation and maintenance

costs, allowing construction to begin in either of two time periods subject to plant flow capacity constraints.
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Stages |1 & 111 (1999-2008)

The main objectives of these subsequent stagesisto continue supporting the State of Sap Paulo initsefforts
to improve the ambient environmental quality of the Tieté Basin and use the State’'s water resources
efficiently. Thewater-quality improvement component will include additional collection of wastewater and
extension of sewers to currently unsewered households and businesses, along with some treatment plant
capacity expansion. Works will be prioritized based on the results of a water quality model developed in
Stagel. Interceptorswill be built along the margins of the Rio Pinheiros. Theimprovement inwater quality

is expected to increase the use of water for hydroel ectric generation at the Henry Borden power plant.

Cost Effectiveness Analysis

To select thecollection networksthat most effectively reduced contamination, SABESP ranked 91 networks
by the ratio of investment and operating costs to load collected. The ratios ranged from R$0.12 to R$7.34
per cubic meter per year. Sixty-nine of these systems had ratios under R$1.00. Twenty-six of the 69 (29%)
belong to Guarulhos and Osasco and have not been included in the second stage project investments. Twelve
of these account for a significant amount of waste. Thisis apotential problem since Guarulhos and Osasco

are not included in this project.

SABESP also analyzed 89 collection systems not connected to interceptors and ranked them by theratio of
investment and operating cost to organic load diverted. The ratios ranged from R$0.08 to R$19.83 per cubic
meter per year. Fifty-six of these have ratios less than R$ 1.00 and eighteen of these are in Guarulhos and
Osasco, and have been left for the third stage. Again, this is a potential problem for achieving the
improvement of water quality. SABESP analyzed the impact of these works and the proposed treatment

plants using awater quality simulation model.
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Modeling the I mpact of Contamination and Its Reduction on Water Quality

To simulate the impact of various discharges on water quality in the Tieté Basin, SABESP has adapted the
QUAL 2E Stream Water Quality Model provided by the US Environmental Protection Agency. The model
isdeterministicand relatively simple. Hydrol ogical variations are determined outside the quality model and
the quality is calculated on the basis of a particular river flow and the contaminant loads that enter. The
model separately accounts for contaminant loads coming in above the SPMA, point discharges of industrial
and sewerage outfalls, contaminant loads from tributaries, non-point discharges from surface runoff, and

river reflows from underground lenses.

Themodel considersthe principal mechanisms of transport, advection and dispersion in the direction of the
flow of the river (but not horizontally across the river). It accommodates 15 water quality indicators, the
most important of which--from the point of view of the economic analysis--is dissolved oxygen. The basic
technical relations that determine the level of dissolved oxygen are: atmospheric reaeration (which is
calculated as a function of the velocity and depth of the river), plant evapo-transpiration, benthonic and

biochemical nitrification, and temperature.

The model divides the rivers into sections. Each section is characterized in hydrological terms by volume
of flow entering the section, entering or departing lateral flows, and flows exiting the section. The amount
of any particular quality characteristic being traced can be described in terms of advective or dispersive

transport and can beincreased or decreased along subsections by external inflows or biochemical processes.

For quality calculations, SABESP uses the average flow and the "minimum" flow. SABESP has 60 years
of data on daily hydrological flows’. The "average flow" is the mathematical average of daily flows
throughout the year. The actual flow is less than the average flow 60% of the time. SABESP defines
"minimum flow" as aflow that will be exceeded 90% of the time or, in more intuitive terms, the river flow

will exceed this volume 329 days ayear and have aflow of smaller volume 36 days ayear.

8 This data was collected on natural river flows between 1900 and 1960. After 1960, the river was regulated and the
data series discontinued.
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Table 4. Quality of Water in the Tiete Basin at Minimum Flow after the Conclusion of Each of
the Project Stages
Operation to Carry Away
Operation to Carry Away Wastes Wastes and Generate
Biological Biological
Point at Which Quality is  Dissolved Oxygen Fecal Dissolved  Oxygen Fecal
M easur ed Oxygen Demand Coliforms Oxygen Demand  Coliforms
- mg/| mg/| no/100 ml Mg/l mg/| no/100 ml
Tieté confluence Tamanduatei
1998 0.00 33.49 850,200 0.00 33.49 850,200
2003 0.00 23.19 547,800 0.00 23.19 547,800
2010 1.46 13.64 233,300 1.46 13.64 233,300
Tieté confluence Pinheiros
1998 0.00 15.22 150,200 0.00 28.89 777,700
2003 1.33 3.73 20,400 0.43 22.27 563,600
2010 114 3.70 22,000 1.98 12.55 246,900
Pinheiros Pumping Station
1998 0.00 18.47 156,500 0.00 32.22 587,300
2003 1.99 7.21 10,500 0.55 16.66 292,800
2010 2.07 7.20 10,900 2.18 11.62 148,500
Edgar Souza
1998 0.29 29.16 664,000 0.98 31.95 651,200
2003 1.34 22.88 505,400 2.95 26.10 460,500
2010 2.48 12.65 216,000 401 13.09 174,900
Pirapora
1998 2.24 20.60 8,400 4.35 14.27 2,200
2003 2.60 17.59 10,200 4.50 13.41 2,400
2010 3.03 10.97 3,700 4.27 8.35 800

The Ponte Nova and Edgard de Souza Dams can control the flow of water in the Tieté River system. This
effects volume and velocity and therefore quality. If theriver is operated exclusively for carrying wastes
away from the SPMA, al riversrunintheir natural direction. If, however, water isto be diverted to Billings
Reservoir, the gates at the Edgard de Souza Dam are partially closed to raise thelevel of water and causethe
Pinheiros River to flow in the reverse direction. SABESP modeled two different operating regimesthat are
relevant to the economic analysis: (1) operation exclusively to carry away wastes, and (2) ajoint operation

in which 60% of the water goes to Billings and 40% continues downstream for other uses.®

® This 60-40 division of water isan arbitrary suggestion of Hidroplan, aconsulting firm that devel oped the master plan
for Statewater use. Thisdivision of water does not imply optimal operation and appearsto reflect ajudgement of what
might bepolitically feasible. Beforethe Constitutional restriction, water volumesweredivided 50-50 between the Tieté
and Billings.
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Table 4 shows the quality of water at "minimum flow" on various segments of the river system at the end
of each of the "stages'. Water quality will be better than the level shown 90% of the time (329 days of the
year). The results indicate that, by the end of the second stage in 2003, dissolved oxygen will exceed the
critical level of 0.5 mg/l from the confluence of the Pinheiros downstream (with the exception of the
confluenceitself, which doesnot quitereach 0.5 mg/l if the project is operated for hydroel ectric generation).
By the completion of the third stage in 2010, there will be significant levels of dissolved oxygen in all
segments of the Tieté and Pinheiros whether the system is operated exclusively for carrying wastes or for

combined waste disposal and generation of electricity.

Overview of the Economic Analysis

Househol dswithwell-maintained individual systemsand proper systemsof disposition of sludgefrom septic
tanks have little adverse impact on the environment. The waste water of less adequate individual systems
(which runs into the street or storm sewer system) may degrade naturally before entering the river, and
therefore not cause a significant pollution problem. On the other hand, properly collected household waste
channeled directly to the principal tributaries by collectors or storm sewers can have severe specific " point”
impacts if the waste water does not have prior treatment. Changes in the number of connections have a
relatively small impact on the quality of the Tieté and its major tributaries. Direct dumping of untreated

sewage (the case of Guarulhos and Osasco) has a significant impact.

Because connection to a collection system may bring substantial benefits unrelated to improving the quality
of the Tieté and its mgjor tributaries, the economic analysis discussed here deal s exclusively with clean-up
of the river and does not discuss a separate CB analysis done for the provision of household sewer
connections. Thetwo are only closely related if one considers the clean-up project as the cost of mitigation
of the connection project. Inthiscase, theneed for mitigationisdebatable. Thereceptor body isdead; direct
dumping will not make it deader *°.

19 This poses a paradox for economic analysis. Connection programs usually generate large benefits sufficient to
cover the cost of mitigation (i.e. treatment). However, in theinitial stages of sewage collection projects, the
discharge of wastes directly into receptor bodies may cause no significant deterioration and are not economically
justified. Expansions of sewer collection may finally start to degrade the water, but the surplus of the marginal
population (often the poorest) may not be sufficient to cover the cost of cleaning-up everything. The willingness to
pay for clean-up of the whole population may not be sufficient to justify the clean-up project.

27



The analysis that follows develops two economic calculations for the river clean-up project; one for the
whole project including Stagesl, 11, and |11 and one for the incremental project involving Stages|1l and 111,
which have yet to be built. As noted above, Stage | was originally analyzed and approved on the basis of
minimum cost, without looking at the entire project, which was presumed to be economically worthwhile.
Thereprise NPV calculation for the whole project is presented for reasons of transparency, not because of
its relevance to the decision as to whether to complete Stages Il and 111. It demonstrates the well-known
weakness of using cost-effectiveness analysis to justify a project that is assumed to be socially beneficial,

when in reality it is not.

Theother calculationisfor the economic return on investments of the second and third stagestaken together.
Thiscalculationisrelevant because the second stage aloneis not sufficient to bring any lasting improvement
of thequality of the Tieté. The costs and benefits of thefirst stage are not rel evant to theinvestment decision
on Stages |1 and 11l in combination because the Stage | costs have already been incurred and cannot be
recovered (sunk cost). Therefore the decision to continue depends only on avoidable costs and attainable
benefits.

Project Costs and Shadow Pricing Adjustments

SABESP separated the costs to clean-up the Tieté and its tributaries (Table 5) from the sub-programs to
connect new users. Table 5 reports capital and operating costs for the pollution control program before the
application of shadow price factors. Included are crude estimates of the costs that CETESB and industries

will incur to control industrial pollution and monitor performance. **

! There was little information to devel op these costs. A World Bank study for control of industrial
pollution for 22 industries in the Baixada Santista, gave arange of US$ 13,000 to US$ 6,452,000 per industry with
an average of US$ 717,000. It was not possible to extrapolate from this study without knowing the composition of
industries that were regulated in the first stage or that will be regulated in the second and third. CETESB estimated
that the cost of compliance for the first stage would be US$ 500 million (US$ 400,000 per industry) before the first
stage of the Tieté project was implemented. In retrospect, it estimates a cost of US$ 200 million (US$ 171,000 per
industry). Thereislittle empirical basis for either of CETESB’s estimates. The analysis here uses arange of costs
from US$ 171,000 to US$ 342,000 per industry for the 1,168 industries controlled in the first stage and the 350
controlled in the second. It also assumes that the operating cost will be ten per cent per year of the capital cost. The
environmental specialist estimated that the monitoring cost for CETESB will be US$ 1.44 million per year for the
1,168 industries covered in thefirst stage and US$ 0.55 million for the 350 industries in the second stage. These
estimates were based on estimates of personnel time needed to check the reports supplied by industries. Operating
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The cost of all works and operations relevant to project benefits was subdivided into four categories: traded
goods, non-traded goods, skilled labor and unskilled labor. The economic analysis assumesall contingency
costsarefor tradableitems and that all industry investment and operating pollution control programsarefor
tradable goods. The other costs were adjusted to economic opportunity costs using research donefor aprior
project, PASS/BID (BR-0269). This study estimated conversion factors™ for skilled labor of 0.79 and a
conversion factor for unskilled labor of 0.48. The PASS study used the reciprocal of the weighted average
tariff to estimate a standard conversion factor of 0.91 for nontraded goods but it did not take into account
the impact of high interest rates (tight monetary policy) in maintaining the level of the exchange rate.

Therefore, this analysis uses a conversion factor of 0.75 non-tradeabl es.

Tableb. Project (Stages|, I and I11) Capital and Operating Costsfor Wastewater Treatment
(Undiscounted Thousand 1998 Reals)
Time Period and Stage Total Investment | Total Operatin
g P 9 Total Costs
(Year 1=1992) Costs Costs

BEGIN STAGE | Construction 1 18,304 0 18,304

2 33,559 0 33,559

3 333,948 0 333,948

4 60,864 30,000 90,864

5 72,549 30,001 102,550

END STAGE | Construction 6 87,370 30,001 117,371
STAGE | SUB-TOTAL" 606,594 90,002 696,596

BEGIN STAGE Il Construction 7, 42,333 65,716 108,049
8 54,339 66,124 120,463

9 97,432 66,727 164,160

10 200,685 67,845 268,529

END STAGE |l Construction 11 72,633 79,190 151,822
STAGE || SUB-TOTAL|| 467,421 345,602 813,023
BEGIN STAGE Il Construction 12 42,761 104,349 147,110
13 38,090 104,864 142,954

14 60,182 105,100 165,282

15 60,333 105,392 165,725

16 59,667 105,627 165,294

17 59,666 105,916 165,582

END STAGE Il Construction 18 57,563 106,100 163,662
STAGE |11 SUB-TOTAL 378,262 737,347 1,115,610

costs increase over time as the project works are used to capacity.

The conversion factors are used to convert market prices reflecting imperfections to their social value.

29



Tableb. Project (Stages|, |1 and I11) Capital and Operating Costs for Wastewater Treatment
(Undiscounted Thousand 1998 Real s)
Time Perlod_and Stage Total Investment | Total Operating Total Costs
(Year 1=1992) Costs Costs
19 0 135,288 135,288
20 0 137,415 137,415
21 0 137,592 137,592
22 0 137,769 137,769
23 0 137,947 137,947
24 0 138,036 138,036
25 0 138,127 138,127
26 0 138,216 138,216
27 0 138,306 138,306
28 0 138,306 138,306
29 0 138,306 138,306
END ANALY SIS PERIOD 30 0 138,306 138,306
GRAND TOTAL 1,452,277 1,172,952 2,625,228

Note: Costs exclude household sewer connections, the collection system, and the cost of collectors sufficient to carry untreated
effluent to the nearest dumping point in the river. These costs were balanced against local household sewering benefits in a separate
CB exercisenot reported here. The costs above are related to pollution control and including interceptors, treatment and theindustrial
environmental cleanup program.

Project Benefits
Therearetwo principal benefitsfrom Stages|1 and |11 of the Tieté project: (1) increased welfare of residents

based on reduction of odors and aesthetic blight, and (2) increased hydroelectric power generation. The
benefits from Stage | are assumed to be negligible. Each of the benefit categoriesis discussed in turn. 2

Benefit One: Reduction of Odors and | mprovement of River Water Quality

To determinethe benefitsfrom reducing odors and permitting aguatic life, SABESP contracted a contingent
valuation study of improvementsin water quality. The questionnaire was developed by Robert Mitchell, an

internationally known expert in the design of contingent valuation questionnaires. It was tested with two

13 In addition, there are other benefits that have not been quantified which include (a) increased recreation
benefits at Pirapora do Bom Jesus and downstream, (b) the retardation of saline intrusion in the Cubat&o River in
the Baixada Santista, and (c) the provision of a more economic source of potable water for the Baixada.
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focusgroupswith peopleof different educational andincomelevels', in-depthinterviews, and apilot survey
of 150 households in ten municipalities and neighborhoods of the SPMA.

The focus group sessions revealed a clear concern about governance and the judiciousness with which
government spends. Many stated that the government collected sufficient money and that an additional
contribution should not be needed. The two together led to a number of protest responses: refusal to pay.
Those that distinguished SABESP from the government, had more confidence in SABESP. Many of those
who stated that they were willing to pay clearly associated the river clean-up with better health. Health
aspects were not, however, emphasized in the focus groups or in the questionnaire, because the relationship
between the river clean-up and health is much less direct than the relationship between health and sewer

systems that remove waste water from areas where people live.

To deal with theissuesdetected in the focus groups, thewillingnessto pay question specifically emphasized
that: (1) money would be collected only during the 10 years of construction of the second and third stages,
(2) the money would be used exclusively for the clean-up project, and (3) SABESP would annually present
information on television and on radio about how the money was being used. To reflect the quality that
would actually result from the proposed works, the questionnaire used maps to show what parts of theriver
would improve. Itindicated that the greatest improvement that could be expected wasthat the water quality
would permit boating and the existence of fish in some segments. It emphasi zed that it would not be safe to
swim in any of the rivers. A trandation of the core valuation question and the maps illustrating project

impact appear below.

The questionnaire used the referendum design which asked the respondent whether he would be willing to
pay one of five monthly prices (R$0.50, 2.00, 5.00, 12.00, 20.00) until the year 2010 when the project would
be completed. These prices were found to cover the relevant range of price acceptability found in the focus
groups and were assigned to an equal number of questionnaires, i.e. each price appeared on one fifth of the

guestionnaires.

Although the questionnaire was superior to those generally used, it does not describe the improvement in
the quality of theriver as precisely as it might have. The willingness to pay question is not precise about

what "average quality" of water means. Because water quality dependsonriver flow and flow varies, quality

1 More detail on the composition of the focus groups and the concepts studied appear in "Relatorio Preliminar de
Projeto, Anexo, Relatorio da Realizagdo de Pesquisa de Disposi¢éo a Pagar," June 1998.

31



will vary. For economicvaluation, it isnecessary to have aspecific meaning to averagequality. Thisanaysis
assumes that "average" means that the water at "minimum flow" either has no odor or has no odor and
supports aquatic life. Thisimplies that the respondent accepts the fact that 36 days ayear (10% of thetime)
the water will have some odor and may not support aquatic life. It should be noted that the daysinwhich the
river doesnot comply will beroughly continuousduring thedry season. The concentration of thetiming will
makefailureto provide"averagequality" more obvious. Table4 above showsthepredicted quality of critical
segments of the river at the end of each stage of the project. The model projects that the critical variable
dissolved oxygen will be above 0.5 mg/l or 0.2 mg/l in the segments asked about in the contingent valuation

study.

To apply the questionnaire, SABESP drew a sample based on IBGE's 1996 survey of households in the
SPMA. The strategy was to represent the popul ation of S50 Paulo in terms of those factorsthat are likely to
determine willingnessto pay. Intheory such factorswould include income, degree to which the household
is affected by the river's odors, environmental awareness, and education. Of these, the census has

information only on income and education and these are highly correlated.

According to the Census, the averageincome of SPMA isR$ 828/month with astandard deviation of R$702.
Using a 95% confidence interval and a 10% sampling error, SABESP cal cul ated that it needed a sample of
276 homes.™

The Contingent Valuation Survey

5 The necessary sample size wasiinitially calculated by SABESP based on the amount of tolerable error in the
sample estimate of mean income rather than mean WTP (which was unknown), using a standard statistical formula
(e.g. Paffenberger and Patterson 1987, p. 391). The result, 276 households, was more than doubled when the survey
was actually applied, presumably because the available budget permitted alarger sample and hence more precise
results. The sample size determination formulais:

n=[z,, o/E]* =276
where: desired sample size
the 95% confidence interval statistic (1.96) at significance level o« = 5%, 2 sided test.
standard deviation of income (R$702).

acceptable error in sample average estimate of population mean ($R 82.8) obtained as one-tenth
of census estimate of average household income of $R828 (i.e. a 10% error).

n
z
o
E

Note that the variable of interest is household willingness to pay (WTP), not income, so the formula only holds if
the mean and standard deviation of WTP bear afixed proportional relationship to the mean and standard deviation
of income.
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The following excerpts from the CV questionnaire show how the valuation question, which followed

guestions on household characteristics, was structured:

Look at Map 1 (map availablefrom author). Thetrianglesand circlesdepict SABESP’ sfive
water treatment plants. The larger the size of the symbol the larger the quantity of
wastewater treated. The two plants represented by the triangle have been operational for

some time, treating 20% of SPMA wastewater.

In 1993, SABESP initiated works for Stage | of the River Tieté decontamination program.
Three new plants (depicted by the circles) are planned to be operational by the year 1998.
With these new stations, 40% of the industrial and domestic load will be treated.
Consequently, water quality of the Tieté River and itstributaries will improve. Sill, 60%

of the domestic and industrial load will reach the rivers untreated.

Even with three new treatment plantsoperational by 1998 water quality of the Rio Pinheiros
will continue to be poor. The sections of the riversin grey depict an acceptable level of
water quality mainly dueto the elimination of odors; still, no aquatic life is supported. On
theother hand, theriver sectionsdelineated in white support some aquatic life and boating

is permitted.

SABESP has a project to continue the decontamination of the River Tieté. Under the new
project, more treatment plants will be built and an expansion of the existing treatment
plants is foreseen. If the project is pursued, in 10 years 95% of pollutants will be treated,
improving water quality of the rivers. Map 2 (map available from author) depicts the

improvement in water quality during the next 10 years.

As shown in the map, in the next five years, the Rio Pinheiros will show a considerable
improvement in water quality. On the other hand, water quality in the River Tieté and
Tamanduatei will not improve. By 2008, at the conclusion of the proposed project, all of the

riverswill have an acceptable or good water quality level.

The costsinvolved in such a project are high and there are not enough financial resources.
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What would you prefer:

Pay R$(bid amounts. 0.5, 2, 5, 12, and 20) rendered as an increase in you monthly water
utility bill for the next 10 yearsfor an improvement in water quality as depicted in Map
2 or not pay and the project will not be executed leaving water quality of theriversof Sao
Paulo at the current levels?

The actual sample sizewas 600. Based on data of the 1991 Census, this number of survey householdswould
giveasampling error of 6.8% To increasethe efficiency of the survey, SABESP stratified the sample by sub-
regions. The central sub-region (metropolitan S&o Paul o) and the northeast (Guarulhos) were pre-sel ected.

The other three were selected at random.

To extract an average measure of WTP from the referendum CV data, Logit probability models were fit,
using as explanatory variables the bid (Valor), the age of the respondent (Idade), an indicator of household
status/wealth (P118), and the contiguity of theareaof residencetothe Tietéand itsmajor tributaries (Bairro).
For the linear - in - bid models a large portion of the predicted cumulative distribution function liesin the
negative quadrant. Thisimpliesthat alarge percentage of the population has a negative willingness to pay

which obviously is not consistent with economic theory.

The next section depictsall of the central tendency measures of WTP calculated from the Tieté referendum

survey data.



Benefit Two: Additional Hydroelectric Generation

Until 1992, half of theflow of the Tieté was pumped to Billings Reservoir to generate el ectricity at the Henry
Borden power plant. But "Transitory Provisions' of the State’ s 1989 Constitution prevent pumping waste
water to Billings. With the treatment plants of Stages |1 and I11, the possibility exists of having water good
enough to pump, and there are potential benefits from additional hydroelectric generation. It is not certain,
however, that pumping will be allowed. Billings Reservoir is a Class || water body. By regulation, water
pumped to a Class | body can not degrade the quality to less than 5 mg/l of dissolved oxygen, more than
5 mg/l of biological oxygen demand, or more that 4,000 fecal coliforms per 100 ml. At the point in the
Billings Reservoir where the flow diverted from the Tieté&/Pinheiros would be injected, the receiving water
isalready out of compliance. Thus, in principle, the only water that could be pumped therewould be distilled

water.

The water at the Pinheiros pumping station will not attain Class |1 quality in either stages|| or 111. Billings,
however, is avery large reservoir. Its present quality ranges from Class IV (where Pinheiros/Tieté water
would be injected), to Class | in the areawhere water is released for potable uses to the Santos region. It
would be acceptable from the technical point of view to reclassify sections of Billings to reflect present
reality and the fact that the reservoir functions as a natural treatment plant. If the part of Billings where the
Tieté water would be pumped were reclassified as Class 1V, Tieté water could be pumped to Billings. Itis
highly uncertain, however, whether Billings will be reclassified, if such pumping will be allowed, when it

will be alowed, and how much will be allowed.

The economic analysis explores a number of hypotheses. The analysis assighs a 50 percent probability to
the most adverse case; thelaw never permitsdiversion of water from the Tietéto Billings so no hydroelectric
benefits are generated. The analysis assumes that there is 5% probability that pumping will be possible the
year after the second stage is completed, a 10% probability in the fourth year after Stage 11 iscompleted, a
17.5% probability the year after Stage |1l is completed and a 17.5% chance four years after Stage Il is
completed.

If pumping is allowed, the benefits from using Tieté/Pinheiros water will depend on the amount of energy

and the time of day when it will be generated. To estimate the amount of additional energy that might be
generated, historical datawas obtai ned onthe amount of water processed by the Henry Borden Power Station
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before and after the restriction imposed on pumping from the Tieté/Pinheiros. The average differenceis
equivalent to a continuous flow of 67.0 m*/s (Table 6 below). This flow resulted from a 50-50 division of
the Tieté€ s flows. A master plan for the water resources of the State of Sao Paulo suggests that a 60-40

division might be possible. If so, it might be possible to pump the equivalent of a continuous 80 m?/s to

Billings.

Table 6: Henry Borden Power Plant Energy Production and
Water Use Before and After Restriction on Pumping from the
Tietéto Billings

Y ear Energy Produced | Water Used
(MWh) (M3¥S)
1985 3,702,424.5 75.4
1986 4,244,978.9 86.4
1987 5,056,923.8 104.5
1988 4,816,698.2 99.1
1989 5,230,506.9 108.1
1990 3,606,258.4 74.2
1991 4,798,196.6 98.1
Average 1985-1991 4,493,283.9 92.3
19924 2,811,472.1 57.2
1993 1,579,454.0 321
1994 694,913.7 141
1995 1,255,767.6 26.2
1996 1,535,861.1 31.0
1997 1,131,306.8 233
Average 1993-1997 1,239,460.6 25.3
DIFFERENCE OF AVE. 3,253,823.3 67.0
al In 1992, the restrictions on pumping were imposed.

The incremental energy generated is the difference between the energy that can be generated at Henry
Borden with the pumped water less (1) the energy that could be generated with the water on the ten

downstream plantsonthe Tieté, and (2) the energy used in pumping. Henry Borden hasaproduction capacity
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of 5.654 MW/m?/s.

The consumption of energy to pump acubic meter to Billingsis0.34 m*/sec. Thus, Henry Borden’ snet gain
from receiving a cubic meter per second is 5.34 MW/m?¥/s. This net gain is offset by the losses of the
hydroelectric plantsonthelower Tieté. Table 7 showsthat the producti on generated by acubic meter passing
through all the plantsis 2.1336 MW/m?s. Thus, the net national gain from transferring a cubic meter from
the Tieté to Billings is 3.206 MW/m?/s (5.3400-2.1336). This converts to 27,084.56 Mwh of additional
energy per cubic meter per year. For an incremental flow between 67 and 80 cubic meters, the incremental
energy isin the range of 1,881,665 Mwh to 2,246,764 Mwh per year.

Table 7: Power Stationson the Tieté
Downstream from Edgard Souza

Power Plant Production

(MW/m3/s)
Rasgao 0.17%4
Porto Goes 0.1887
BarraBonita 0.1727
A. Souzalima 0.1881
Ibitinga 0.1872
Promissao 0.2057
Nova Avanhandava 0.2605
IIha Solteira 0.3902
Jupia 0.1982
Porto Primavera 0.1669
Total 2.1336

Because Billings is an enormous reservoir with inter-annual storage, it is possible to produce most of the
incremental energy at peak. The plants on the lower Tieté have enough storage capacity to guarantee peak
operations with or without the diversion to Billings. The decrease in power on the Tieté will be power off-
peak. It isnot certain, however, that Borden would be allowed to use all the Tieté water during peak hours,
because the power company may be ordered to increase the constant release (mostly off-peak) to the

Cubatao. The value of high voltage energy during peak demand is R$37.33 and R$42.69 per Mwh,
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depending on whether it iswet or dry season, and the value of f peak is R$25.67 and R$30.20 per Mwh, again
depending on the season. The economic analysis uses a range of $R30.20 to R$42.69 in its calculations.

These values are based on the long run average incremental cost of supply at high voltage.
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Section V: Central Tendency Measures

An issue is which measure of central tendency to use, once having estimated some probability- of-bid-
acceptance model from referendum data. Again, the debate goes back at least ten years. Hanemann (1989)
and Haab and McConnell (1997, August 1997, July 1998, January 1999) argue for the median of individual
WTP because in probability models it is less sensitive to distributional misspecification and estimation
method. Hanemann (1989) also points out that the median is a more equitable social choice rule for

aggregation of willingness to pay across the population for a cost-benefit test than the mean or the mode.

Sometimes the discrepancies among the alternative central tendency measures can be large enough to
confound aproject acceptance or rejection decision using CB criteria— the project passesthetest using some
subset of central tendency measures and fails it using others. Put simply, the unbounded expected value
measure obtained by using a linear utility index in estimation of a probability model is not generally
satisfactory and may understate benefits. But, when distributional asymmetry isintroduced to correct for this
by either truncating the range of expected value function evaluation or by introducing non-linearity in the
utility index, the mean individual WTP extracted from referendum models no longer equal s the median and
will usually exceed it. In this case using the median as a benefit measure means that project acceptance will
not be as strongly influenced by a few extreme observations lying in the tails of the (asymmetric) WTP
distribution as it would be using the mean. Experienced analysts know that to get the highest benefits
possible and unabashedly seek project acceptance under an NPV or EIRR criterion, the mean of an
asymmetric distribution can be used, but its median will provide amore cautious, conservative lower bound
on project payoff. It seems reasonable to recommend at least taking alook at the latter, or reporting both

mean and median.

Parametric Choice Models

Todemonstrate, the standard central tendency measuresdescribed above and depictedin Table 2 abovewere

obtained by applying a Logit choice model to the 600 survey sample observations, coding the dependent
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variable as 1 if the offer was accepted, and O if not. Simple linear and log bid specifications of the utility

index were used.®

Probability Model Estimation

The independent variables in the statistical Logit model included the bid value (Valor), the age of the
respondent (Idade), and a household wealth/social statusindicator (P118). A dummy variable wasincluded
to distinguish between residents who live closeto theriver (Bairro) (184 households), and are significantly
more affected by its pollution, than households not residing in close proximity.

The specification of the model is:

(15) Prob(Yes) = «, + B,Bairro+p,P118+(3,ldade+3,Vaor+error

for the linear utility difference logit and:

(16) Prob(Yes) = o, + 3,Bairro+p,P118+f,ldade+f3,LNValor+error

for the utility difference Logit with log of bid*.

The estimation results appear in Table 8.

1 Note that the dummy variable specification shifts the function but imposes the restriction that
households living near or far from the river share the same regime with respect to the other parameters. The log bid
model’ s expected value could not be evaluated using an analytic formula because its parameters fell outside the
limits of the formula s applicability (Hanemann 1984, p. 337). Numerical approximation was used to compute the
means of the log bid model (see Annex 1).

YNote that the only difference between equation 15 and 16 isthat in the latter one, we are taking the

natural log of the Bid variable (Valor). By taking the natural log of the bid, we restrain the model into the positive
quadrant.
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Table 8. Logit Model Parameter Estimates and Variable Means

Linear Bid Log Bid Means of Variables
M odel M odel
Variable Coefficient Coefficient Full Close Sub- Far Sub-
(tstat.) (tstat.) Sample Sample Sample
Constant 0.7769 0.7608
(2.38) (2.30)
Closeto River 0.6551 0.6629 0.3066 1 0
(Lif Yes, O Else) (3.29) (3.33)
Status 0.8357 0.7968 0.11 0.1467 0.0938
(1if Upper, OElse) (2.92) (2.78)
Age of Household Head -0.0221 -0.0227 | 45.88 49.38 44.34
(Years) (-3.20) (-3.27)
Bid -0.0978 7.9 7.99 7.86
(R$/Household/M onth) (-6.78)
Log of Bid -0.4945 142 143 141
(In R$/Household/Month (-6.99)

Note:

For the linear bid index model, Unrestricted Log Likelihood=-350.00, Restricted Log Likelihood (intercept only) = -
389.08, Chi-squared statistic = 78.15, significant at >1% level, and Pseudo R = 0.10. For the log bid index mode,
Unrestricted Log Likelihood=-350.65, Restricted Log Likelihood (intercept only) =-389.08, Chi-squared statistic =
76.79, significant at >1% level, and Pseudo R = 0.098.

All parameter estimates are significant at better than the 5% level, and most have signs that are consistent

with prior expectations. Househol ds close to theriver are morelikely to be willing to pay than more distant
households, as are wealthier households.

Predictionsof theacceptanceratesacrosshid level sfor both models, evaluated at their respective sub-sample

means, are displayed in Figure 1. Notice that the logarithmic specification confines all of the distribution

function to the positive bid quadrant, while the linear specification potentially extends to the left of zero,

even though thisregion isomitted from the figure. Thethicker tails of thelog bid models suggest arithmetic

meansthat should exceed thearithmetic means of thelinear bid models. However, we used geometric means

for the log bid models, which explainswhy they fall below the arithmetic means of thelinear bid modelsin

Table 9 below.
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Figurel

Logit Models: Linear and Log Bid
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Central Tendency Measures from Parametric Methods. Results

Applying the expected value and median formulas produces the WTP estimates in Table 9 for the
untruncated mean, the mean truncated at zero but untruncated from above, the truncated mean confined

between zero and the maximim bid (20 reals), and the median. *®

18 The unit of currency used throughout is the Brazilian real (reais), denoted as R$. The rate of exchangein
March 1998 was 1.14 reals per U.S. dollar. All estimates presented were produced by evaluating the relevant
formulas at the means of the explanatory variables rather than cal culating individual -specific values and averaging
them over the sample to obtain a grand mean.
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Table 9. Parametric Central Tendency Estimates

Household
Willingnessto Pay
per Month
Central Tendency Measure (1998 Reals)
Closeto | Far from
River River
Median = Untruncated Mean, E(WTP), - o <WTP < C+ 4.74 -1.27
(utility difference logit, linear in bid) C*
Truncated Mean, E(WTP), 0 < WTP < C 9.73 6.47
(utility difference logit, linear in bid)
Truncated Mean, E(WTP), O<WTP<B,, c- 7.65 5.27
(utility difference logit, linear in bid)
Truncated Mean, Log Transform, E(exp™'™), - c < INWTP <e o 5.01 1.68
Truncated Mean, Log Transform, E(exp™®), - « < InNWTP<In c- 371 1.39
Income
Truncated Median, Log Transform CTn 2.36 0.71

Note: The augmented intercepts are 0.4633 for Close and -0.1246 for Far in thelinear model. For both cases, 3, themarginal utility
of income estimate, is0.09778 (after multiplying by -1 to makeit positive). Inthe log of bid model the augmented intercepts
are0.4245for Closeand -0.1665 for Far. For both cases, § onthe natural log of bidis0.4945 (after multiplying by -1 to make
it positive). Geometric means were cal culated for the log transform models by taking the antilog of the mean log bid found
by numerical approximation.

These results pose two dilemmas. First, the unrestricted mean WTP for householdsliving far from theriver
is negative. Second, thereis alarge disparity between the several aternative truncated means using either

alinear or log bid specification.

If project justification (rather than analysis) isthe goal, it might be tempting to use the truncated mean that
gives the highest benefit. Few would ever detect this deight of hand. However, an honest project appraisal
would admit that things are not quite so simple. Hanneman (1989) indicates that the measure C’
unambiguously overstatesthetrue mean in situationswhere theaugmented intercept isgreater than zero (i.e.

when the probability of acceptance at a zero bid is greater than 0.5).

Also, it isinconsistent to use an untruncated distributional assumption for estimation and a truncated rule
like C' for function evaluation. In other words, an inconsistency arises because in estimation of a Logit

model with a linear utility index difference the domain of the fitted cumulative density is theoretically
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alowed to include all the real numbers even though the random variable is known a-priori to exclude
negative values. Then, infunction evaluation, a"correction” like C' or C™ ismade ex-post by using only that
portion of thefitted distribution lying in the positive probahility/bid quadrant to compute the expected value
integral.

Analysis Options: Non-Parametric Methods

Haab and McConnell offer two simple yet effective aternatives for estimating WTP that overcome the
necessity of arbitrarily truncating WTP at zero or some upper bound (or both) in discrete choice referendum
models. Thefirst route is a"distribution-free" nonparametric technique for getting lower-bound estimates
of the mean and median (McConnell 1995; Haab and McConnell 1997). The other involvesareformulation
of the Probit or Logit model that automatically guarantees that median WTP will be greater than alower
bound of zero but 