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Introduction

Growing consciousness of dangers that overexploatation and overpollution
of natural environment bring to the human beings causes growing careness of
natural resources, involving increasing interest in the questions of sustainable
development. According to the definition of World Commission on Environment
and Development (better known as Brundtland Commission), sustainable develop-
ment is such one that “(...) meets the needs of the present without compromising
the ability of future generations to meet their own needs” [United Nations 1987].

From economic point of view one of the problems is, that these natural
goods have no obvious price and are difficult to be involved into economic accounts.
Thus instead of asking about price of clear water or fresh air, economists rather
ask people, which amount of money are they ready to pay for obtaining some de-
fined desired state. This is called a willingness to pay, and has to be estimated in
any attempt to introduce changes, that will lead to the better state of natural envi-
ronment. It is obvious, that new “clear” technologies will cost more than tradition-
al ones, at least in the early stage of their introduction. Thus, there are needed tools
for investigating whether the society is ready to bring additional costs for introduc-
ing new technologies — and the level of these acceptable additional costs.

In this paper a certain simple model of willingness to pay for public ecolo-
gical goods will be proposed.

1. Utility function and willingness to pay

There are two approaches to modeling willingness to pay [Haab and
McConnell 2003]. One is based on the random utility function. The other one,
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which is possible only in the case of a binary choice, is to model willingness to
pay directly, not through the medium of utility function. Both approaches have
advantages: the first one is more universal while the second enables to model
a bounded willingness to pay. Let s briefly summarize both of these approaches.

Within approach based on a random utility function it is assumed, that each
individual has a defined utility of each possible scenario. The utility of scenario i
for individual j, u;;, depends on a vector of individual preferences and charac-
teristics of an individual j, Z;; his/her income, y; (this particular characteristic of
an individual is excluded from the vector Z for reasons, which will become
obvious soon); and also on a random variable, &;;:

Mostly, it is assumed, that deterministic and random parts of utility function
are additive:

wj = vi(¥5.) + & @)

Individuals are assumed to choose this option, of which his/her utility has
greater value. Thus, if an individual j is proposed to pay a certain sum of money,
tj, for a scenario 1 to be realized, he/she will agree conditioned that:

171(3’]‘ - tj,Zj) + glj > vo(y]-,Zj) + 80]'. (3)

Note, that within scenario 1 the income of an individual is lessen by a pro-
posed sum of money t; — and that is a cause of excluding income from the vector

of individual characteristics and taking it explicitly into regard.
As utility function involve a random term, also the decisions of individuals

will have a probabilistic character. Denoting a difference of random variables of
two scenarios by &;:

& = &) — &1, “4)

the probability, that an individual j will agree on a proposed payment t; (what
will be denoted by w; =1, while w; =0 will mean answer “no”) may be
expressed in terms of cumulative distribution function of this random variable ¢;:

Pr(w; = 1) = Pr(e0; — &1 < v1 (3 — . 5) = v0(3.5))
=F (vl(yj —t,%) - vo(yj,ij)), ©)
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where:
F(x) = Pr (g < x).

Parameters of functions v, and v; may be estimated by means of maximiz-
ing the likelihood function:

L= l_[ [F (vl(y,- —t,%) - vo(yjffj))]wj

j
[1=F(vi(35 - t.7) — v (Yjwfj))]l_wj (6)

The willingness to pay of an individual j for scenario 1, WTP;, is defined as
such a sum of money, for which utility of scenarios 1 and 0 are equal:

v1(y; = WTP;,2;) + &1 = vo(y;, %) + &oj. ™)
Transforming (7) one may obtain an expression for willingness to pay:
WTP;(g) = y; — vi*(vp — €). (8)

In general, it may be a complicated function of a random variable &;. How-
ever, if & has an infinite distribution (like normal or logistic ones) also WTP;
has an infinite distribution.

There are at least two problems with random utility function approach. The
first is the possible infinity of distribution of willingness to pay, mentioned al-
ready. In some cases it may turn out, that the probabilities of willingness to pay
less than zero or exceeding income are quite significant. In special situations it
may be so, that an individual will accept a proposed scenario only conditioned
that he/she will be paid for it (willingness to pay less than zero), however, the
willingness to pay exceeding income still makes sense in no circumstances.

The second problem is in comparing utilities. Most of ecological goods
belong to the classes of so-called common-pool resources and public goods
(according to Elinor Ostrom classification [Ostrom 2009]). Both these classes
are characterized by a “high difficulty of excluding potential beneficiaries”
[Ostrom 2009]. In the context of this kind of goods there appear a problem of
“free riding” [Wiser 2007; Champ and et al. 1997]. Paying for any “private
good”, e.g. food or clothing, one always gets what he/she has paid for. On the
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contrary, due to high difficulty of excluding potential beneficiaries, one can be
never sure of the effect of his/her paying for any common-pool resource or pub-
lic good. Thus it may seem more adequate to take into regard the willingness to
pay in such cases, instead of the utility of scenario which may never be realized.
The general form of willingness to pay function reads:

WTP; = WTP;(z;, ¢)), ©

where Z; denotes a vector of individual preferences and characteristics (may also
include income — note, that here there is no necessity of including it explicitly as
a function variable), and ¢; is a random variable with a distribution to be speci-
fied.

In attempts to model willingness to pay directly, one should take also the
first of the problems mentioned above into regard and choose the model function
so to assure, that willingness to pay will range from zero to income:

0 <WTP; < yj.
The natural form of such function will in general read:
WTP;(Z, &) = Gj(Z;, &)y, (10)

with 0 < G;(Z,¢) < 1.

Estimation of parameters of function G proceed as usually, by means of
finding maximum of likelihood function.

Later on we will propose a simple definite form of willingness to pay func-
tion. First, let us ground the choice of key variables that will appear in the pro-
posed function.

2. Social interactions and altruism

A common sense and life knowledge have never negated the fact, that peo-
ple’s behavior strongly depend on the behavior of the others. This is the base of
so-called “social norms” (which may differ from society to society), without
which the social harmony wouldn’t be possible. Moreover, in the context of
modern knowledge the “herd behavior” of individuals — no matter whether
judged positively or negatively — cannot be denied [Aronson 2003]. However,
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economists for a long time tried to get around, treating all social interactions as
mediated by the market. This approach has turned out to be unsatisfactory in
explanations of phenomena of real social world, and thus there are arising con-
secutive models, that are taking social interactions explicitly into account
[Ostasiewicz et al. 2008; Blume 1995; Brock and Durlauf 2001].

Some of them are based on the concept of Mark Granovetter, who was the
author of widely known threshold model [Granovetter 1997]. The main idea of
the threshold model is that a given individual will join a certain action (w; = 1)

conditioned that a certain percent of the others has already joined it:

N (1 if m>=Th
P(‘”f_l)_{o if m<Th an

This percent, Th;, may be different for different individuals (in particular, it
may equals 0), and is called a threshold of the individual. For the action to be in-
itialized there must exist at least one person with the zero threshold.

Dependence of choices of individuals on the choices of the others implies
a dynamical character of the model. This dynamics may be called a kind of
a “domino effect”, as action of some individuals results in actions of some other
individuals and so on. The percent of participants of the action changes from
time step to next time step according to the following expression:

m(t) = Frp(m(t — 1)), (12)

where Fr), denotes distribution of thresholds across the whole population.

Stationary states, that is, such states that are reached within long enough
time and do not evolve in time any more, denoted by m*, may be obtained from:

m* = Fpp(m*). (13)

In the quasi continuous version expression (12) takes the form:

d
= = Fpp(m) —m, (14)

while stationary state condition remains the same, see (13).

The evolution of percent of participants of an action and finding a station-
ary state may be easily pictured, as on an exemplary graph below.
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v

Fig. 1. An example of evolution of percent of participants and obtaining a stationary state in
threshold model

Let us also define a so-called “potential”, ¥V (m), which is a counterpart of
physical potential. Let us define it as follows:

dm _  dv(m)
at dm

(15)

This construct is very useful for determining the character of stationary
points (there may be stable or unstable stationary states). The properties of po-
tential defined by (15) are as follows:

1) it has an extremum in the stationary point, what follows from the condition:

am -0 dv(m) = 0:

dt am

2) this extremum is a minimum for stable stationary point and maximum for
unstable one.
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Thus, having a potential one may easily decide, which solutions of station-
ary state condition are stable and which are unstable ones, imagining a ball, roll-
ing in the valley of the shape of potential. On the other hand, apart from the def-
inition (15) the potential may be expressed as follows (by substituting (14) to
definition (15)):

V() =2 — [ By (m')dm’, (16)

As an example, the shape of the potential for the system shown on Figure 1
is presented below.

A V(m

v

0 my 1

Fig. 2. Potential corresponding to the system presented on Fig. 1

The second key variable in the model that will be presented in next sections
is a degree of altruism. It may be a matter of discussion, whether an altruist feel-
ings are an artifact of social interactions (inner social norms), product of mirror
neurons or even something transcendental. Anyway, it is the fact, that in many
situations many individuals behave altruistically, even if sometimes it may be
perceived as not a “pure” altruism but rather a reciprocal one or forced by social
pressure. Otherwise, no cooperation would be possible and all common-pool re-
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sources would be already destroyed, as forecasted by Garrett Hardin [Hardin
1968]. However, as Elinor Ostrom has definitely proved [Ostrom 2009], there
are many circumstances in which people are willing to cooperate and behave not
accordingly to their sole economical profit. This kind of altruism may be viewed
as a “long-range” rationality. However, there are also many situations, when in-
dividuals behave altruistically not having in perspective a reciprocity of long-
time economical gain. Daniel Kahneman [Kahneman and Knetsch 1992] stated,
that people are willing to pay not only for measureable economical goods but are
willing also to “buy” a moral satisfaction of behaving “good”.

The degree of altruism may be measured by some standard questionnaires
of this feature of human character, and will be taken in what follows as ranging
from 0 to 1. It will be also assumed, that that greater degree of altruism the less
temptation of free riding of an individual.

3. Willingness to pay model

Taking social nature of human beings and temptation of “free riding” into
account, the general form of model of willingness to pay for public ecological
goods will be as follows:

WTP; = WTP;(z;, m, a;, ), (17)

where m denotes a percent of the whole population which is also willing (or is
thought/expected by a given individual j to be willing) to pay; a; denotes the

degree of altruism of an individual j (as measured by some standard question-
naires for measuring this feature), a; € (0,1); Z; is a vector of measures of other
characteristics of an individual and ¢; is a random variable.

The dependence of willingness to pay on the percent of others that are also
willing to pay enables reinterpreting this model in terms of threshold model
[Ostasiewicz et al. 2008]. Indeed, conditioned that:

wrB(zme)
aom -

and
(')WTPj (zj, m, sj) -

0
Oej
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the probability that the willingness to pay will exceed a proposed sum of money
tj, may be expressed in terms of probability that the percent of participants will

exceed a certain number, which may be called a threshold:

1 if m=>Th(t;, &)
P(WTP]- > tj) =P (m > Thj(tj'gf)) = { if m <Th{(t{ g]) ’
A

where & denotes a realization of a random variable g.

However, one has to keep in mind that this similarity of willingness to pay
model to threshold model (11) holds only in the probabilistic sense and not in all
situations. Note, that within WTP model the threshold is a random variable itself
and decision of even a single one individual has a probabilistic character. On the
other hand, within the simple version of threshold model presented in the previ-
ous section, a value of threshold of a given individual is constant and there is no
uncertainty. Probabilistic approach may be applied to this threshold model only
in the case of a large population and values of thresholds that may be treated as
realizations of some random variable. Then, if random variables of different in-
dividuals within willingness to pay model are identical, &; = &, but characteris-
tics of individuals are different, it is possible to treat both kinds of models as
equivalent in probabilistic sense. Then dynamical equations (12,14) and station-
ary state condition (13) may be applied to describe willingness to pay model.

In the case of so-called mean-field approach, that is, such approximation,
within which each individual is “replaced” by an “averaged” one (or in the case,
when all characteristics of all individuals are in fact identical) there may not be
areal dynamics. If all individuals are the same, then all of them should make the
same decision — any differences in decisions will be only a result of a random-
ness, which will cause fluctuations around some state. Nevertheless, the condi-
tion for stationary states (13) will still holds and graphical way of obtaining them
is still valid. Potential (16) may be still used to examine stability properties of
obtained stationary states.

4. An example

Let us propose a simple example. We want to investigate the properties of

the model (17) with the willingness to pay function dependent only on the per-
cent of the population which is willing to pay, m, the degree of altruism, a;, and
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income, y;, as characteristics of an individual. We want to find a function that

will have the following properties:

1) the values of the function range from zero to income of an individual,
0<WTP; <yj;

2) itis an increasing function of m, a; and ¢&;;

3) for zero altruism and m # 1 it tends to zero, limaj_,o WTP; = 0;

4) for maximum altruism it does not depend on percent of population,
WTP;(m,1,¢) = WTP;(1,¢).
It may be checked, that the following function is fulfilling all the required

properties:

WTP(m, aj,€) = ——Loe—s (18)

1+exp[amﬁlnaf—s]

conditioned that &« > 0, § > 0. Note, that random variables are assumed here to
be identical for all individuals.

1) Asexp(x) = 0 for x € (—oo, +00) thus:

[1/(1 + exp[amP"% — ¢])] € (0,1)

and:
0 <WTP; <yj.
Blna ;
a i(maj, . . 0 1
2) For owre (maje) > 0 it is sufficient exp[am ] < 0 to be fulfilled. Then:
am am
Blna ;
dexp|lam J . i
[6m ] = exp[amf"%]|aplna;mP "1,

As exp(x) =0 for any x, for m € (0,1): m* >0 for any x, and for
. 6exp[amﬁlnaf] )
a; € (0,1): Ina; < 0, thus for @ > 0, § > 0 condition < 0 indeed

holds, and the function (18) increases with increasing m.

Blna ;
. owTPj(ma;, o : am”""J
Similarly, for % = 0 it is sufficient [ 5a ] < 0 to be ful-
j j

filled. As
6exp[amﬁlnaf] exp[amﬁlna}']

=af——mP"UInm < 0for0<m <1
3(1]' aj

thus the function (18) increases with increasing a;.
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As for ¢ it is obvious, that exp[—e] is a decreasing function of € and thus
WTP; an increasing function of €.

Vi —
3) llma o WTP; (m aj, € ) = 11_)0 —1+exp[amﬁlnaf—s] 0
as lim lna] —00
aj—

and thus lim exp[amf" — ¢] = oo.
a;—0

Yj Yj
1+exp[amPBlinl—g ] 1+exp[a—e]

4) WTP(m,1,¢) = = WTP,(1,¢).

Let us examine the stationary states of the system in the mean-field approx-
imation. Within this approximation each individual is replaced by an “averaged
individual”, that is: y; = ¥, a; = a = a. Within this approximation the condition
for stationary states reads:

m=1-— F( —In=+ amﬁl“a) (19)

where F is a cumulative distribution function of a random variable € and t pro-
posed percent of an income to be paid.

If distribution of a random variable € is symmetrical, then F(x) =1 —
F(—x) holds and the condition (19) may be rewritten as:

m=F (ln% - amﬁh‘a). (20)

Let us assume as a distribution of a random variable a logistic one with
standard values of parameters:

1

F(X) :m.

e2))

Substituting (21) into (20) one gets a stationary state condition:

= 1/[1+ = exp( mﬁlna)] (22)
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Let us examine the existence and numbers of stationary states defined by
the condition (22). In order to shorten notation let us introduce functions g(m)
and h(m) defined as a right-hand-side and left-hand-side, respectively, of condi-
tion (22), i.e.:

gm) =1 /[1 + (i)i exp (gmﬁlna)], (23a)

h(m) = m. (23b)

As m € (0,1) we are interested in the crossing of the curve y = g(m) and
a line y = m within this range of variable. In the lower limit g(m)starts from
zero, g(0) = 0 and then it is increasing to the value of the upper limit,

g(1) = 1/ 1+ (i)i exp (%) € (0,1).

As h(0) = 0 there always exists at least one intersection of curves g(m)
and h(m), for m = 0. As h(1) = 1 = g(1) thus there may exists only this one
intersection. On the other hand, the maximum possible number of intersections
equals three. The actual number of solutions of stationary state condition de-
pends on the values of parameters a, § and o, as well as on the proposed frac-
tion of income, t, and degree of altruism, a.

Let us present a simple (and artificial) example of dependence of stationary
states on average altruism and proposed percent of income to be paid. Here we
willtakea =1, = 18,0 = 1.

First, let us fix the proposed percent of income to be paid, t = 0.01. For av-
erage altruism less than 0.6 there are no stable stationary states apart from zero.
For values of altruism greater than 0.6 there appear a second stationary and sta-
ble state with m > 0 (see Figure 3 for intersections of curves g(m) and h(m) —
and thus existence of stationary points — and Figure 4 for corresponding poten-
tials to examine stability of existing stationary points). The stability of this sta-
tionary state and the value of final percent of participants that are willing to pay
are growing with growing value of a (see Figure 4 for degree of stability — the
depth of the well of potential corresponding to the given stationary point, and
Figure 5 for the value of m within this possible final state).
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Fig. 3. Plots of g(m) and h(m) for different values of average altruism
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Fig. 5. Dependence of nonzero stable stationary state on average degree of altruism

Now let us fix the value of average altruism on a = 0.9 and examine the
dependence of stationary states on proposed percent of income to be paid. For
t > 0.056 there does not exist a stationary state apart from m* = 0. For
t = 0.056 there appears second stable stationary state, which stability and value
of m* within it increases with decreasing t (see Figure 6 for existence of station-
ary states, Figure 7 for stability properties of these eventual states and Figure 8
for dependence of value of m* > 0 on proposed payment t).
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Fig. 8. Dependence of nonzero stable stationary state on proposed payment

The above results are intuitive ones, as one expects, that percent of donators
for any public good will increase with increasing altruism and decrease with
increasing sum of donation.

To obtain results with any reference to a certain real society one has to es-
timate the parameters of willingness to pay function and random variable basing
on real data collected from empirical studies.

In order to estimate values of parameters @, f and o one has to construct
a likelihood function and then maximize it. In what follows we assume, that ran-
dom variables are independent and identical for all individuals, and that each in-
dividual may be proposed to pay different percent of his/her income than the
others individuals. The probability, that an individual j will agree on a proposed
payment t; reads (having in mind that ¢; denotes a percent of income):

_ Yj o
P(WTP; = tjy;) = P (1 T explamP — ] = t1y1> =

=P (e >In— + amfe), (24)
1—t]'



58 Katarzyna Ostasiewicz

As € is a symmetric distribution (a logistic one) thus (24) may be rewrit-
ten as:

_ ti Ina;\ _ tj Ina;
P(WTP; > tjy;) =P (e > lnl_—’tj + am? ““1> =F (—ln?’tj — amf “af). (25)

Substituting (21) for F(x):

1

P(WTP; = t;y;) T (26)
1+exp El E ;m ]
Thus the likelihood function reads:
wj 1—(4)]'
L(a'ﬁ'o-) - Hi 1 ; a_ Blna; 1 1]' a  Blna; (27)
1+exp ;lnl_—t]+;m ]] 1+exp —;lnl_—tj—gm J

Maximizing this function basing on collected real data will allow to get
a final form of the model, which can be used to predict behavior of a given society
stated in front of decision of paying or not for a certain ecological innovation.

Conclusions

As the challenge of slowing down degradation of our natural environment is
a very short-time one, we need tools for investigating the state of minds of par-
ticipants of our community, whose agreement for some steps toward this aim is
needed in the democratic society. A standard willingness to pay approach seems
insufficient unless it takes into regard the dependence of choices of individuals
on the choices of the others. Including percent of participants as a variable of
willingness to pay function impose an inner dynamics on the model. That is ra-
ther realistic, as ecological thinking seems to spread across populations like
fashions (what does not necessarily suggest that believes and attitudes are noth-
ing more than fashions or conformist acting).

In this paper general arguments and approach to including dependence indi-
viduals on the others is presented and a simple concrete model is proposed. Its
properties has been shortly investigated within a mean-field approach. However,
it is possible to go beyond this approximation and get more realistic (and much
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more complicated) dynamical equations. Further analysis would reveal detailed
dependence of behavior of the model on a specific distribution of degree of al-
truism and incomes across the population.
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MODELOWANIE GOTOWOSCI DO PLACENIA NA RZECZ
ZROWNOWAZONEGO ROZWOJU

Streszczenie

Postgpujaca degradacja $rodowiska naturalnego jest palacym problem wspolcze-
snos$ci. Jednym z elementéw koniecznych do jego rozwigzania jest ekologiczna §wiado-
mos$¢ obywateli. Z tego wzgledu, istotne jest badanie postaw ludzi wobec dobrowolnego
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ponoszenia zwigkszonych kosztow dziatan zachowujacych srodowisko naturalne w do-
brym stanie. Standardowe modele sktonnosci do ptacenia na rzecz ekologii wydaja si¢
nickompletne, gdyz nie uwzgledniaja zaleznosci postaw jednostek od postaw ich otocze-
nia. Dbato$¢ o ekologi¢ jest bowiem nastawieniem szerzacym si¢ w spotecznosciach na
podobienstwo innych wzorcéw kulturowych i zachowan spolecznych. Wilaczenie me-
chanizmu nasladownictwa do modelu nadaje mu zatem automatycznie charakter dyna-
miczny.

W pracy zaprezentowano ogo6lny model gotowos$ci do ptacenia, uwzgledniajacy za-
leznos¢ wyboréw jednostek od wyboréw innych osob. Nastepnie, jako przyktad, zostat
zaproponowany i poddany analizie bardziej szczegdétowy model. Omdéwiono jego wia-
$ciwos$ci zarowno w przyblizeniu Sredniego pola, jak i w ujgciu dynamicznym. Pokazano
zalezno$¢ rezultatéw od rozktadu osobniczego stopnia altruizmu oraz dochodow.



