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PLATEFORME DE CONSTRUCTIONS HYD!

RAULIQUES

* Aristoteles (//oAditixa) writes What is marginal
...external goods have a limit, like any other analysis in economic
instrument, and all things useful are of such a f e
nature that where there is too much of them theories:

they must either do harm, or at any rate be of
no use...

(Economists often criticize this viewpoint...but
we are not economists)

Utilita
marginale

Utilita Util

Marginal analysis assesses the concept of
utility of a given good in relation to its
amount

c Pr-L I



Marginal use and marginal utility

m
‘ORME DE CONSTRUCTIONS HYD!

RAULIQUES

* Marginal use of a good or service is the specific use to which an agent would .
put a given increase, or the specific use of the good or service that would be What are marglnal
abandoned in response to a given decrease .
P ; use and marginal
utility?

* Marginal utility of a good or service is the utility of its marginal use.

* The,law of diminishing marginal utility” (Gossen’s First Law)

«As additional amounts of a good or service are added to available
resources, their marginal utilities are decreasing»
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Total henefit and marginal benefits

* The total benefit is the cumulative change in benefit that arises for
increasing quantity being allocated (or used), i.e. the function

B = B(Q)

What are the total and
the marginal benefits
related to quantity
allocation?

* The marginal benefit is the relative change in benefit for increasing the
guantity being allocate of one unit
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The Principle of Equal Marginal Utility (PEMU)

Two users characterized by marginal benefits b;(Q) and b,(Q), and
sharing at a time a common resource (e.g., water volume), will
generate the maximum total benefit when the amount of
resource is shared between the two uses such that the two
marginal benefits are equal, that is:

n
Qi
The total benefit Br = ZJ bi(q)dq
i=1 "0

for sharing the resource such that Q;+Q,=Q b(Q)

is maximum when \
bl(Q1)=b2(Q2) bl(Ql)zbZ(QZ)

What does the PEMU
means in practice?

The PEMU states that the optimal
allocation of a common good
between two uses generates the
maximum total benefit when the
good is shared in proportions that
generate equal marginal benefits

b,(Q)
b,(Q)

Q, Q

v




The PEMU generally holds for unbounded problemes, i.e., in the

case there are no active constraints (e.g., physical, economic, I-Q,

political, social) affecting allocation among the activities. If there / % / fact(t)b1(I — q2;r1(7))d(I — q2) | dt
is no significant storage at the diversion node, and assuming that T, 0

both mbf are positive monotonically decreasing functions, the Q,
objective function TB can be analytically maximized, i.e., by + /% /fact(f)bz(%;l‘z(f))d% dt = 0.
finding 7 3
h
2 Qi
Max|g Z / / fact(1)b;(q; T3(7))dgdr | I=q1 + q2 By gathering now the two domains of integration and making
= g the derivative one obtains
h
d(I —
[ 0 (101 - Qairi (@) g 2+ ba(Qaima(a) e = o
Ty
I-Q,
% / / Jact(1)b1(I — q2;11(7))d(I — g2)drt which finally reduces to the condition
T, 0

VAN [ Faet(®)(= brl = Qi1 (9) + b2(Qai a(1)))dt = O.
+ 303 T/ O/ fact (92423 T2(1))dazdt | = 0. d

By making use again of the continuity at the node

b1(Qq;11(t)) = ba(Qa;12(1)).
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Tyne of costs

Both fixed costs Cfix and variable costs Cvar

affect the total cost C

C(Q)=Cp + Gy (Q)

!

_dC _dC,,
dQ  dQ

Fixed costs do not affect marginal costs!

C

P L I
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What are fixed and
variable costs for a
project?

Fixed cost occur at once and are
independent of the use of the
resource (e.g., setting up a contract
for energy allocation). Variable costs
depend on the amount of the
service or good being used
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Compare now the marginal cost c(Q*) for a given demand Q* to the

average cost

Cﬁx T Cvar (Q*)

C =

Q*

What is intended with
economies of scale?

- Economy of scale
c<C
(additional units are produced for
less than the previous unit)
> C Diseconomy of scale
(diminishes marginal productivity)

This is the relationship existing
between the increasing production
amount followed by a unitary cost
decrease. The marginal cost (not
affected by fixed costs) is used as a
term of comparison with the
average total cost (affected by fixed
costs)

Cournot dilemma: resistency to
monopolium of productive structures




* Negative externalities: marginal social costs of production are
greater than that of the private cost function (e.g., a given
private production pollutes the environment and this affect
social costs)

* Positive externalities: marginal social costs of production are
less then that of the private cost function (e.g., education of
people)

m
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PLATEFORME DE CONSTRUCTIONS HYDRAULIQUES

What is meant with
externalities?

Externalities are costs or benefits
that are caused by a given use of
the resource and affect other users
(e.g., a producer who pollute the
environment and other pay the
price for that)



Financial vs economic efficiency

* Financial efficiency

Is concerned only with money flow, a good or a service is of value only if
money changes hands when it is exchanged or consumed. |t improves if the
net financial return increases

 Economic efficiency

Is concerned with all goods and services valued by the public regardless of
whether consumption is accompaniend by monetary exchange (e.g.,
willingness to pay for something). It improves if the net wealth of society

increases

c Pr-L I
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What is the difference
between financial and
economic efficiency?

Financial (
efficiency

TSN

Economic <
efficiency

Without

)

With
support [ support ]
Y

Investment projects Investment projects lnvashneqt projects
typical demanding typical
for private sector government support for public sector

Source: Novikova, 2022
https://doi.org/10.1016/j.evalprogplan.2021.102018
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The Economics of Non-Market Goods and Resources

Topic: ecosystem services

Patricia A. Champ . . . .
Kevin . Boyle Value: (ecology meaning) that which is desirable or

Thomas C. Brown Editors
. worthy of esteem for its own sake; thing or quality
A Pr|mer on having intrinsic worth (Webster’s New World

Non market Dictionary)

Va|uatI0n Value: (economist meaning) a fair or proper
s equivalent in money, commodities, etc. (Webster’s
New World Dictionary)

@ Springer

Ecology view = philosophic intrinsic value (valuable in and for itself.
Independently of any utility)

Economist view = philosopic instrumental value (as a mean to some other
end or purpose, e.g. increased human well-being

P L I
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What are market and
non-market goods and
resources?

Marked goods have assigned an
instrumental value

Non-marked goods have assigned an
intrinsic value

Benefits-costs analysis becomes then
very problematic in the absence of a
common agreement about the value
of non-market goods or resources
(e.g., ecosystem services)



There are several methods available, we focus
here at the “People willingness to pay”, as an
example

The “Willingness to pay” is based on conducting
operational surveys on a sample population
interested by the specific ecosystem services to
be assessed

People are asked to assess how much they would

pay for increasing units of environmental “goods”

that sustain related ecosystem services (e.g.,
amount of flow, or water depth in a river, etc.)

Problem: the method is subjective and results
strongly dependent on personal uses or the
‘vicinity” to the service to be assessed

Willingness to pay price

function

v
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Can the economic value of
financially non/valuable
goods be assessed?

The value of the world’s ecosystem
services and natural capital

Robert Costanza*1, Ralph d’Arge?, Rudolf de Groots, Stephen Farbs
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markets o adequately quantified in terms comparable with econ-
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litle weight in policy decisions. This neglect may ultimately
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Pricing Biodiversity and Ecosystem
Services: The Never-Ending Story

BY MARINO GATTO AND GIULIO A. DE LEO

n 1844, the French en Jules Juvénal Dupuit
I,mmumd cost-benefit analysis to evaluate invest

‘ment projects. This methodology relies on the concept
of consumer surplus (which is the difference between will-
ingness-to-pay and actual payment; see Nijkamp 1977),
which was also defined by Dupuit (1844). The application
of cost-benefit analysis to ecological isues fell out of favor
three decades ago, and it was gradually replaced by multi-
criteria analysis in the decision-making process for pro-
jects that have an impact on the environment. Although
multicriteria analysis is currently used for environmental
impact assessments in many nations, in the last 5 years the
concept of cost-benefit analysis has again become fash-
ionable, along with the various pricing t

trast, the gross national product of the United States totals
approximately $18 trillion per year (Costanza et al. 1997),
stimulated much dis-

‘The paper, as its authors intendet

cussion, media attention, and debate. A special issue of
Ecological Economics (April 1998) was devoted to com:
mentaries on the paper, which, with few exceptions, were
laudatory. Some economists (Pearce 1998) have ques-
tioned the actual numbers, but many scientists have
praised the attempt to value biodiversity and ecosystem
functions.

Although Costanza et al. acknowledged that their esti-
mates were crude and imperfect, ey also pointed the way
to improved assessments. In particular, they noted the
need to devel

ated with it, such as contingent valuation methods, hedo-
i prces, and costs o eplacement ofeclogia servie

ecent, detailed compendium on de
ecosystem services. For the purpo
oo erviosinto 17 rajores
in Table 1. We included only renew
g nonenewable fucs and min
thatecosystem services and functio
to-one correspondence. In some c:
he productof ey o e oo
ingle ccosystem function

ceosysem services. 1t s alo impo
pendent nature of many ecosystem
the net primary production in an
consumpionof which genraes
primary production. Even though
Ierdependent, in many cases h
represent joint products’ of the ec

the First World Congress of Environ
mental and Rmm« Economists held in Venice, Italy, in
June 1998, 12 of the 88 sessions were focused on theoreti-
caland empirical problems related to contingent valuation
‘methods. Overall, almost 100 of 500 contributions were
related to issues of pricing environmental goods and ser-
vices. By contrast, only a small number of papers used
‘mulicriteria analysis. Economists have generated a wealth
of virtuosic variations on the theme of assessing the soci-
etal value of biodiversity, but most of these techniques are
invariably based on price—that s, on a single scale of val-
ues, that of goods currently traded on world markets
Perhaps the most famous recent study on the issue of
pricing biodiversity and ccologial servics s that by
Costanza et al. (1997), who argued that if the importance
of nature’s free benefits could be adequately quantified in
economic terms, then policy decisions would better reflect
the value of ecosystem services and natural capital. Draw-
ing on earlier studies aimed at estimating the value of a
wide variety of ecosystem goods and services, Costanza et
al. (1997) esimated the current cconomic value of the
entire biosphere at $16-54 trllion per year, with
age value of approximately $33 trillion per year. By con-

Ecology in the Dipartimento di Elettronica ¢ Inform
Piieoric i Milano, Mians, tly. Gl . De Leo (o
deleo@dsa.uniprt) is an associate professor of Applicd Ecology and.
Esvironmental Impact Assessment in the Digartimento di Scienze
Ambiental, Universita degli Studi i Parma, Parma, Taly. © 2000
American Institute of Biological Sciences.

s that could adequately incorporate the complex interde-
pendencies between ecosystems and economic systems, as
well as the complex: individual dynamics of both types of
systems. Despite the authors’ caveats and the fact that
many economists have been circumapect i aplying thee
own tools to decisions regarding natural systems, the
‘monetary approach is by sientst,polcymal
it e el o e catepa gl i
ber of biologists are also of the opinion x)m ula: ing eco-
nomic values to ecological f paramount
importance for preserving the bmxpheu and o i
decision-making in all cases where the environment is
concerned (Daty 1997, Bimentel e . 1997,

In this article, we espouse a contrary view, stressing
that, for most of the values that humans attach fo biodi-
versity and ecosytem services, th pricing approach is

not misleading and ob it
im phrs erroncously that complex decisions with impor-
tant environmental impacts can be based on a single scale
of values. We contend that the use of cost-bencfit analy-
sis as the exclusive tool for decision-making about envi-
ronmental policy represents a setback relative to the exist
inglegislation of the United States, Canada, the European
Union, and Australia on environmental impact assess-
ment, which explicitly incorporates multiple criteria
(technical, economic, environmental, and social) in the
process of evaluating different alternatives. We show that
there are sound methodologies, mainly developed in

business and administration schools by regional econo-
mists and by urban planners, that can assist decision-
makers in evaluating projects and drafting policies while
accounting for the nonmarket values of environmental

April 2000 / VoL 50 No. 4 + BioScience 347



The case of environmental flOWS  rcron. et a1, jema 2013) Tn

PLATEFORME DE CONSTRUCTIONS HYDRAULI (QUES

We think in terms of marginal benefits, e.g.

. = Can we use PEMU to

b1 = ai1 — ai2@1 .
= R - value environmental
ba = a1 — a22Q)2 5
_ water uses:
Optimal The idea is to show
Competition + P, allocation rule that assigning
Constraints allocation rules
implicitly means to

define benefit
functions even for

N Q; T buwl () B non-valuable goods,
b, =" .
Mazlq., Z / / fact(T)bu(g;r4(7))dqdr :-ng\;ilrgr?r;heental use of
i=1
Ty O _ water

B

L - -

b1(Q1;r1(t)) = ba(Q2;ra(t)). PEMU
= P L I

v
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Allocation rules and price elasticity of env water use

Minimal Flow POLICY

| = Qpyg + Quirr

b(Quya)=b(Qeny) (PEMU)

MFR always guaranteed

bHYD,

bENV

MFR: environment marginal
benefit function is vertical
PERFECTLY INELASTIC GOOD!

Real hydropower marginal
benefit function

Is minimal flow
a good policy?

No, it is not.
Economically this means
that env use would be a
perfectly inelastic good,
i.e. asking for a precise
guantity of water and no
more, which is
inconsistent with the
ecological principle that
biodiversity arises from
flow variability

bHYD,

bENV

Perona et al.,

| |
—— e ———-———
n

PLATEFORME DE CONSTRUCTIONS HYDRAULIQUES

Proportional redistribution POLICY

| = thd + O~env

b(thd)zb(Qenv)

AND

thd

MFR always guaranteed

Environment marginal benefit
function

A e e - ——

Real hydropower marginal
benefit function

JEMA (2013)

MFR

Qenv - QMFR _
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| = Qh dt O~env _ . . .
T Q””Q Cure _ Are dynamics policies
hyd

b(Qya)=b(Qeny) (prop./non-pro.) better?

MFR always guaranteed

Yes, they are because they allow to

Environmental MBF (non- maintain part of the natural flow
prop. redistribution) regime variability by simply changing

allocation percentages as the inflow

naturally changes.

This allows to reconciliate economy

bEXP,
bENV

Hydropower MBF

Environmental MBF (prop. and ecology, that is with the
redistribution) principle that flow variability is
important forecological functions
= Qexe*Qeny -.."al and richness of biodiversity
DRI;II Qe Qenv ip Qexp Qexpr
QENV




