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) Abstract .

We analyze an overlapping generations tmodel where individuals’ ‘wel-
fare depends on the stock of a.free nccess environmental good & and on
the consumption C of a private good. - i o

We assume bhat the production process of the private good depletes’
the natural resource but thas specific investments alleviate these damages.
In such context, we show that strategic behaviour and heterogeneity in
preferances may be a sowrce of complex dynamics. '

1 Tntroduction

Understanding the consequences of héeterogeneity of ecohomic agents for the
management of commion access environmental resources (commons) is one of the
- most appealing objectives of environmental economics. Does heterogerieity favor
& sustainable inanagement of commons or instead lead.to over-expioitation? No
_clear cut answer to this issue emerges from econemic literature; in SOmé cases,
“the answer'is “‘no”, in others it is “yes”; see e.g. Lekakis and Kousis (2001),
Bardhan and Dayton-Johason (2002), Cardenas et al. 2002, Dayton-Johnson
- and Bardhan (2002), Rocs (2003), 'Fotete. and Ostrom (2004), Rutan’ (2006,
© 2008), Naidu {2008), Windruin et al. (2009). S o

. Py heferogeneity is meant both economic inequelities (e.g. in wealth and
income) as well as socio-cultural differences {e.g. in preferences, class, religion).
The main lesson that emergés from literature is that the effect of heterogenelty is
highly context-dependent; it depends on the type of heterogeneity is considered,
socio-cultural or econormic, and on how the “success” in the management of
comtmons is measured, in terms of collective action ot in terms of the level of
the collective good provided!. ' o

it could be argued that,_succmssfuli<;olloct§ve action is & necessary precondition for the
provisioh of the collective public good. However, this is not necessarily true (see e Huttan’
1998, 2008) n that priviteged individuals may bo motivated to udilaterally provide the public
-+ good. i . '



Socio-cultural heterogenefty seemis to have a more clearly negative effect
~ than dpes economic heterogeneity {Rutan. 2006, 2008) in that it may inhibit
the emergente of environmen_t—preserviﬁg social nofms in the economy. There
are severs] causal mechanisms according i;o‘which, socio-cutfural heterogeneity
may negatively affect natural resources management; for exaraple, heterogeneity

may iuhibit the formation of trusting relationships. that are a precondition of

successful colléctive action (see e.g, Ostrom and Walker 2003) or may prevent
agreerient over the allocation of benefits deriving from the resources (see a8
Singleton 2001), o ' - o :

The role of economic heterogeneity is.less understood. There aré a.lot of -
studies that support & pos';t,ivé éorrelation between economic heterogeneity and
" environment preservation (see e.g. Rubtan and Borgerhoff Mulder 1999, Varugh- -
ese and Ostrom 2002, Bardhan and Dayton-Johnson 2002, Daytou-Johnson and
- Baxdhsri 2002). Infact, the existence-of “privileged” individuals in the commu-
" nity may favor the provision of the. collective good via & belter internalization:
of benefits and costs {the so called “Olson effett”, Olson 1965). However, s0me
studies find U-shaped correlations betu}een economic heterogeneity and various
- rmeasures of success in resources management, (see e:g. Bardhan and Dayion-
Johnson 2002, Naidu 2008)? while others show that inequality may fuel distri-
butional conflicts that inhibit collective action (see e.g. -Jhonson and Libecap.
. 1982, Singleton 2001). Exheustive reviews of the mechanists found in Bterature -
sceording to which heterogeneity may influence resources management can be
found in Naidu (2008) and Rutan (2008). ' ‘ ‘

“The objective of our papér is to analyze, to our knowledge for the first timie,
the effects on environmental dynamics of socio-cultural heterogensity by a “stan-
" dard” overlapping generations model bullt o’ John and Peccheriino (1994)'s
. serhinal work snd the sibsequent Zhang (1999)'s work, where a simplified ver-
sion of Jolin and Pécchenino’s model is studied. Differently that in Zhang's'
model, where a social planner internslizes intra-generational externalities, we
" consider a strategic context in which each agent’s choices.are taken on the basis
vof the (perfectly foresighted) expected behavior of the other agents. In this
framework, where environmental externalities play a key role not. oufy in de-

termining futuré genérations’ welfare but also in producing intra-generational
undesirable over-exploitation results, we introduce socio-cultiral heterogeneity
by-assuming that individuals have heterogeneous preferences over consumption
goods and environmental quality. S ‘ R
We start owr snalysis by coraparing dynamics in Zhang’s model with those

in curs, in a context of a homogeneous population of agents. The main result
of this part is that strategic behavior of economic agents favors the yise of
. complex dynamics in Zhazng’s model. In thé remaining part of the paper, we
investigate the role of heterogeneity in individuals’ preferences; as'in Bosi ahd’

‘ 2When inequality 3¢ high, the vich uniiaterally provides the public good; with low levels
of ineguality, sll individuals face the same incentives and cooperation cmerges. With nter-
mediate levels of inequulity, cooperation does not emgrge and the rvick are aob sufficiéntly
incentivated to wnilaterally sustain the gost of envirormentsl managment, so heterogeneity
negatively affects the vesonred managment. : ‘



Beegmuller {2008), we adopt & mean-preserving approach sccording to which
an increase. in heterogendity is defined as an fnicrease in individuals’ dispersion
ground a cbngtant mean velue characterizing preferences. In such context, we
find that an icrease in heterogeneity lowers environmental quality and capital
accurnulation evaluated at the unique fixed point of dynamict and favors the
rise of chaotic dynamics.? ‘ . ‘ -

The paper is-organized as follows.. Seckion 2 introduces she overlapping
generations model; sections 3-7 analyze it and section 8 concludes. ‘

2 Set up of the model and;eqt;-tilibrium' d'ynax_xﬁ'cs‘

We congider an overlé,pping genérations economy where two gederations coexist
at each period of time ¢, the younyg and the old. The number of individuals be-
Jonging to each generation. is coristant and egual to N. Following the framework
of John and Pecchenino (1994), we assume that individuals boin at ¢ work only
" when they are young and consume only when they are old. ‘At time t, the young
aggent ¢ € {1,...., N} supplies inelastically his time-endowment, riormalized to
' one; to the productive. sector receiving the real wage we, which is allocated
between savings & for old-age consumption cf; and envirenmental defensive
_ expenditures mj atmed.at improving the quality of envircnmental goods at time.
"t 7, measured by the quality index Fyyy. Individual #'s welfare depends on.
¢y amd By °-and is represerited by a utility function UHchpq, Brgr) sssumed
twice continuously differentiable, satisfying Uf » 0, U > 0, Uj; <0, U3z <0,
U, > 0 and the-Inada conditions. o B
 The:consumption good is produced by IV identical firms which get compet-
.~ Hively; each firm produces output y according tor the following Cobb-Douglas
technology: o " o : . S

= AL = AT

where k¢ is physical capitel per worker, A is a positive parameter representing
technological progress, a € {0,1). *. ‘ o E .
" The evolution of the quality index B¢ is desctibed by the following iinear

. difference equation: - o S . :

3TThe analysis-of the interplay hetween ecological and economit dynamics is a very interest-
ing research field. It is well-kndwn thiat starting fromn very simple economic end/or ecologlcal
dynamics the resulting dynamics may be very complex {sce o.g. Hommes and Rosser 2001,
Rosser 2001 and 2002, Lamantia’ 2008, Bischi and Lanantia 2007). In cur model, the etua-
tion daseribing ecologice] dyhamics is linear and sugmenting this sguaiion with the effects of

- economic activity, we obtain dynamics that rpay be chaotic. ] o .

] "‘ Several works in economlic literature build on the asmimption of heterogeneity of economic”
agents, howaver no clear-cut result geoms to emerge concerning the role played by heberogencity
in favoring complex dynamics. In svme works {see o.g. Bischi ot al. 1989, Bischi ang Eamantia
2007, Najmzads and Ricchinti 2008) heterogencity fuels complex dynamics while in others the
opposite is olbserved (see ey, Bosi and Seegmuller 2008). ‘

" BThis assumption i adopted in several overlapping generations models {seo, among the
others, Zhang 1808, Seegmullor and Verchérd 2005}, It simplifies ouy analysis by abstracting

; from the consumption-saving choices of ‘agenbs. : o

3
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‘ , =
where (1 — bYE, b €0, 1}, describéé the natural evolution of the environ-
mental quality index in absence of the effects due to economic activity; ‘2?:1 o
‘ 'represeﬁ’cs agzregate consumption of old individuals st time ¢ and 5:;-\;1 mi rep-
resents aggregate environmental defensive expenditures of young individuals at
time £; the parameters B8 > 0 and v > 0 measure, respectively, the negative

impact of aggregate consumption and the efficiency of environmental defensive * ¢

expenditures.

When old, individual ¢ supplies his savings st to fixms to be invested in

physical capital and capital accumulation dynamics aze given by the following
-gquation; : o ‘ ' .

N - kega ='Eﬂi ' . - &

f=d

Savings st gives zise to the gross retusn {14744y = 8), whete r¢jq 16 the real |
interest rate and § € (0,1) is the depreciation rate of capital. So, individual ¢

faces the following life-cycle budget constraints: .
b = U~ 85t o (3)
, we=sdmi S @
At each period ¢, firms masximize profits; from the usual optimality condi-

~ tiows, the following equilibritm equations for wage and interest rate are ob-
tained: ' B :

.w§.=A,~(1—a):k§‘ - - - (8). -

Cm=Acac kT -

Differently from Zhang's modei,Wheé:e a soci;ai planner solution is studied,
we consider a técentralized aliocation problem where individuals sct strategi-
cally. -In particulaz, we assume that individus)] ¢ behaves competitively taking

-as given fthe wage rate w; and the interest rate riyy; -furthermore, in pexiod .
¢, he observes envirohmental quality Ey and aggregate consuraption. }:f -1 of,

the old generation and formulates ezpectations abous other individuals’ efviron-

mental defensive expenditures mi, j =1, oI, 5 4. In this context, individual

¢ maxinaizes, with respect to the choice variables. cipy, st and mi, the objective
function: : , : :
C T Fm
u (Ci:‘-}-,lv B



" upder. the constraints (3) and (4); Ef¥, indicates his expectations about
Tutire envirommental quality Beer C ' " -

e . o :
inlz(l*b)Ea“‘ﬁz;% oy |mi A+ Z (mg)e»i

Gl : Fasl, gL

- whei-e (m{,)e"' represents agent ¢'s expectations ahout agent j's environment
preserving expenditures mf, § =1,...N, j# & : :

We assume that individual ¢ maximizes I/4; given his expectations aboub ‘

other individuals’ environmental defensive expenditures; furtherrmore, we as-
" sume that his expectations are gorrect, that is ()™= mi, §=1,..N, 7 #1
(ex post) hold. Under this perfect foresight assumption, the first order condi-

tions bhecome:

~UHE s Bega) - (L rppa = 8) + 7 Vilchin Boyt) =0 i =1, N (7)

These fmplicitly define individuals’ cholces mi*, s¥*, ¢f*, ¢ =1,..., N , that

can be plugiged in equations (1) and (2) to get the values of By and kyyq 88,
functions of By and ke only. To make $he problem analytically more tractable,

 we mtroduce the same assumption used in Zhang: ' :
-~ Assumption Define n . '
S | i B Us

nt 7
i1 Ut

_ This elasticity parameter is assumed to be constant®.

Notice that 7 incieases if (ceterls pazibus) the marginal utility of the envi- ‘
ronthental good increases with respect to the marginal utility of the consumption

good. So & “high” value of n* implies a relatively high dependence of individual
i's weifare on environmental quality. S ,
_This asswiption allows us to derive ¢ and m" in terms Of By and Eux

o (wii)w LAZ6E
g )T

m
\ o L . s
mi = (1~ o)A (%) - %1 i (®)

~ and to write economic dynamics by & single nonlinear différence equation in

‘"NM[

046 Jogarithmi¢, Cabb-Douglas, CES utility functions satisfy this property.

ot

B =0(8) = =0 -BE A AN B - - ) () - w02
| - NI N



where:

7 = N ) (10) ..

N
S
nt

f=xl

is the harmonic mean of the elasticities v, ¢ = 1,..,N.
Analogously to the model of Zhang, environmental and capital accumuiation
dynamics are linked by the equation: e

~ Notice that, ceteris paribus, the valite of ke.j 18 inversely correlated with the

parameter vy, measuring the productivity of the investment in environmental
preservation; in fact, if -y rises, then the opporsunity cost of savings for future
consumption incresses and, consequently, capital accumulation decreases. The
opportunity cost of savings also increases if the harmonic mean ) increases; that
- is, if individuals’ preferences become more environment oriented.

3 Fi‘xed' points of dynamics

The following projqosit.iqns deal with the existence and stabiiity conditions of
the fixed points of dynamics (9) and givé some comparative statics resuls. The
' proofs are straightforwazd and are therefore omitied. C o

Proposition 1 The map (9) admits the fized point ES, = 0, for oll feasible
parameters’ values, and the interior fized point:- L B

. —'. ‘<AN{fy(~1—-a)?”aI6] =
| .' -Eflfss‘“‘" m [ﬁ(l — -5)]\{'.-1- 'y{N-{—bTI)jl
L= o) —afl > 0. |

From this proposition we have that the interior fisred point: exigts only if, .
 given ¢, the negative impact of consumption on the envircenmerital ‘resource
{meagured by the parameter 5} i low enotgh with, respect to the positive impact
of defensive expenditures (messured by 7). Notice that the population sine N
and the harmonic mean 7 do not play any role in the existence conditions for
the interior fixed point; however, we shall see that they play a key role in
determining its stability properties. o : '
* The following proposition shows how the interior fixed point Bl varies in
response to variations in the more relevant parameters of the model.

Proposition 2 The value of Bys 18 posifively correlated with the volues of the b
parameters v, n and N and negatively correlated with the value of 5.



‘Remember that 5, v, 7 and N represent, respectivély, the negative impact of
conisumption oh environmental quality, the efficiency of environingnta,l defensive
extpenditures, the harmonic mean of the elasticities n* and the population size.
It'is worth %o stress that the positive correlation. between E,, and N Tolds
under the existence condition {1 — o) — aff > 0 of the interlor fixed point,

which requires (ceteris paribus) & high enough value of v with respect to the o

value of 3. ) ‘ G o ,
- Let’s now consider lecal stability properties of fixed points. It is simple to
check that . F}imoG”(Et) == oo, consequently the fixed point B, =01s always -

. 0 .
repulsive, To study the stability properties of the interior fixed point By, we

considér the first order derivative evaluated at Fae ‘ .
IR o L Nley =B = o)1 - 8)
o 1 —B{1 -~ : - !
. G (Boe) = N 4n . {1‘, .?) - . T .

By étraightfor\ara:rci caicuia’cieﬁs, it is simple to verify that-G'(Ess) <1 for
all ps_,rameters’ values. As a consequence, the interior fixed point:is locally
attracting if &/ (Bes) > —1, while it is repulsive- if G'(Bys) < —1. So, the
following proposition can be stated: ‘ ‘
Proposition 3 The fiwed point EY, = 0 s dlwaé;; repulsive while the interior
. fimed point s locally eitractive if: . : o
N o 2 bioe)

T B~ 5 -+ a)

© and. repulsive if the opposite inequality holds.

By the above proposition, ‘the interior fixed point i repulsive i, ceteris
paribus, the size N of sach generation is high enough or if the harmonic mean
7 is.low exough.’ Remember that a ow” value of nt implies a relatively low
- dependence of individual i's welfare on environmental quality. "

In the next sections we compare the dynamics generated by cur model with
. those in ZHang {1999). . o a T '

4 Dynamics in an economy with identical indi-
viduals . o

We first analyze economic dynamics ‘mn & population of identical individuals,.
that is we assume 7 = 7, Vi, and compare our results with those obtained

by Zhang (1999). To this end, we extend Zhang’s model to the case with N
individnals; the reprosentative agent’s problem in such case becomes:



Cmax Ule 1E1;.1‘
o Mrrade ( i St )

1y == By "{"ﬁ’lrc .
G {1+ ‘Fc;;.} — &)se
EC+1 == {1 - b)Et BNC# + ’}'NJTbﬁ

and the corresponding dynamics are given by:

| "7 ¢ " _ﬁ(l“&) 1~cx _ Et '
s §¢+z Gr(s) = T K(E_ b) - " E, }-AN [7(1 o,) 5&} U
The following propomhon holds. o ' ‘

'Proposﬂ,lon 4 The map {9) admits the ﬁmed pomi Ez = 0 for ai feaszble '
pemzmete?s values, and the mt@mor ﬁaed pomt ‘ :

Ah'lw' )~ of) }
B(1L—8) + (1 +bn)

z'f‘fy(l o) — Bo > 0. ‘Fuﬂhei*%nofe | D,-r > Ess d:lways a’wlds

By "'—ﬁm{

Accordmg {0 the above proposﬂ:mn, the exzstence conditions for By, and-Ez
are the same, howgver the fixed point sssociated to our decentralized todel is
Lha,ractenzed by & greater depletxon of natural resources due to undemnvestment.
in envucnmentai protection. -

Notice that By is an increasing linear functwn of the generai lons we N
while B, for N — o0, approaohes the limit:

lF | W[ l«f(;l- E(i):sﬁ]]&

, Let’fs now confslder the stabzhty properties of ﬁxed points in ?hang s model o
" it is easy to check that EY =0is always ropulqwe and that: '

: ' (S — 1)‘ ol —8) + (bn + ])]
2(Fa) =1 +7 { " i o
It is interésting to obrs@we that in Zhang's model the local stability of the.

interior fixed point does not depend on the population sma N.. E\ulthermom
the foliowmg paoposxt:on can be easily checked.

" Proposition 5 The mequamy IG’ (Bz)l < {G’ {bss)! always holds for N > 1.

Therefore, if By 'is locally attracti we, then the same is true for Fy, hOW{-WCI
parameters’ values exist according to which By is atirac tive while By, 18 1epul—
sive. Consequently, we can say that strategic behavmr ha.a 8, des tabﬂmmg effect
on the mtenor f‘:xcd point. . ‘



5 Some numerical exercises

Tn this section we show how the irfroduction of a strategic context. in Zhang’s
modél makes complex dynamics simpler to emerge. In Figures La-1.d we show -
how the parameter IV affects the map G and the long run behavior of environ-
mental qualify. In such exercise we have posed o = 0.12, 8= 0.28, v = 0123,
§ = 0.16,7 = 0.8, A =5, b = 0.22. In this context, when N-increases, the fixed
_point Eys undérgoes a period doubling route to chaos?. For N =2 the mep G
is represented by the dotted line in Figure 1.a and the fixed point is attracting
(see Figure 1.b); for NV = 7 the xaap ¢ is represented by the semi-dotted line
in Figure l.a and the equilibrium orbits approach a 2-period cycle {see Figure
1.c); for N = 28 the map G is represented by the continuous ling in Figuze l.a
and the system becomes chaotic (see Figure 1.d)). ' '
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Figure 11 The effects of variations in IV on the map (¥ and on the long run bebavior of

euvironmental quakity. o :

‘In. the following numerical exercises we fix o =012, v =10128,6 == (.16,
n =08, A=5 N==4b=022and ise f a5 bifurcation parameter. Fig-
ures 2.a and 2.b show the bifuxcation windows corresponding $o our model and
to Zhang’s one, respectively. In-both comfexts, both maps undergo a period.-
doubling route to chaos; however, in our model the start up point of this phe-
nomenon and the subsequent bifurcations occur before than in the other. That
is, in the decentralized economy, complex dynamics occur for lower values of the
parameter 3, which messures’the negative impact of consumnption on environ-
mental goods. We obtain similar results varying the parameter -, which repre-
sents the efficiency of environmental defensive expenditures. Figures 3.8 and 3.b
show the bifurcation windows corresponding to our model and to Zhang’s one,

TNotice, however, that I varies on the integer sef.



respectively, obtained with the parametérs’ values: o = 0.1, f = 0.3, § = (.16,

n=08 A=1, N=2b=02
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: Rifurcation diagrams corresponding to our model (on the left) and to Zhang's

model {on the ri__gi;t), obtained varying thé pavameter 8.

oo

“rt g

s - o

sem - ., .

- ! o,

o5 i hicd -’

S e \ e e ™ :
a2 !é) - oarif gl . "

e {_,..ﬁ" Pt ) (R
el i o Pt 3

el ? it i
e g C —
ea ]t bt . g
b et

s

st ¢
bt i i

oz prey :

80 oo !

wanl { wn i

iy ek K

R el 1o /

] oy 7

omm s I oy r

past 34 rd ese ; B

= / =l

by s j el

! 1 L P %!\_‘ e .

il B > i

oont ff > stoed Bh o . .

e e .

B 7 N T T TRUDH KANE AT OPh GR bend, SPGH DAL o RPU ik QAL eI et

. e . i

Figure 3: - Bifurcation dingrams corresponding to ovr model (om the left) and fo Zl":_ang‘s
: pradel {on the right}, ebtained varying the parameter 7.

6 Dynamics in a pép‘qiation with heterogenous

individuals

In this séction we analyze the confext where individuals have heterogeneous
preferences, that is.n® 3 7 for ¢ 3 j. In such case, according to (9, environ-
mental dynamics depend on the harmonic mean of individuals’ elasticities n',

- This section aims to study the role that sn “increase” inﬁ_ Leterogeneity plays on
the dynamics of the model. To simplify our analysis, we set IV = 2; let n* and
7” represents environmental preferences of individuals 1 and 2, respectively. To

. introduce & measure of heterogdneity, we adopt a mean-preserving approach (see

.e.g. Bosi and Seegmuller 2008) by considering a variation of n' and n? such that

18



. Vs & ) . ‘
their arithmetic mean w = T3%- remains constant, Under this assumption, we.

can express 7+ and 1”88

nir-w~-

mtoioy

o’ CEWAy

 withee [0, 2w) anci substltutmp in {i()} we have that 7 can be wntten as &
function of € and w:

“and the dynamics (8) becomes:

B
e
W g

Buir = ﬁf—j@; {(;w BB+ 9[ (1 —~ o,)A oAl LTW")’} = 2B(1 - 5)?(;-”-%

In our almlyszs, we Wl]i Lalce Lhe value of the parameter £ a8 4 messure of

the hetercgeneity between the two mdmclua,is, that is, hetemgenmty increases ‘-

if the value of & increases. The. fallowmg two propositions hold.
| Proposition & The interior fidied pq@nt_qf (11) is:

7 13

- 2\ | __ 240 - o) ~of]
Bys=y - ZL&—J : e ; }
S Loy w:i;““fﬂhﬁ%ﬁ(l—ﬁ)}
Themfore Eys is o decreasing furwtao'n of £
The above proposition says that if heterogeneity increases, then the fixed

point vilue of cnvxmnmenm] quahtw decreases. E‘rom the derivative:

' _ w‘r—“:z ,..’ _‘ ) {dv—ﬁ(1~.'-)(1;m§}]
(ss‘} m{}_ b(l ) 7[ M&%]

we can obtse; ve that an increase in heterogeneity malces 5 = g = low'ér
" and the value of |G'(Ee)| consequently increases. In partlcular, the following
: propos:t;on holds. .

Proposition 7 The interior fized pomt Eﬁs is locali;g attmctwe if th@ fol&owmg
inequality holds:”

e \/w[f}'w(2+ba b)w«y{wa) 28(1 - a)(l—— )]
251 — e}

It is repulsive if the oppo:‘;z't‘ejnequa;zty holds.

11
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_ Therefore, an increase in heterogeneity destabilizes the fixed point. Figure
4 shows a bifurcation diagram obtained varying the parameter €. The other
paramebers are fixed at the values o = 0.21, 8 = 0.35, 7 = 0:123, ¢ = (.18,
n=0.8, 007, A=5, b= 0.22. . . :

084
oI
st

5

Edin]

8 bl Tem L i
Figure 4: * Bifurcation dizgram obtainéd varying the parametet £

Notice that when heterogeneity increases, the dynamics of oux model undergo-
a period doubling route to chaos . In order to understand the effect of homogene-
ity breaking in the preferences we examine the change in environmental defensive
expenditures of individusls 1 and 2, m* and m?, when asymmefry is introduced.
For ¢ = 0,  the symmetry implies that the dynamics of environment preserving’
expenditures are located on the diagonal A = {{m},m?®)| m* = m?} of the plape
(m*, m?), Figures 5:8-5.d are oblained posing .o = 0.21, B =035, v = 0.123,
§ =018, n =0.8,w =07, A =35, b= 0.22. The point (mq,me) = (2.62,2.62)
'is the unique attractive fixed point of these variables for ¢ = ( {see Figure 5.a).
Wiih a liftle increase in e (¢ = 0.2), the fied point £y, Joses its stability through
a fip bifurcation and the environment preserving expenditures follow a 2-pericd
cycle bélow the diagonal A (see Figure 3.b). A further incresse of the degree
of heterogeneity (¢ = 1.04) creates a chaotic attractor below the diagonal A -
(see Figure 5.c) and the behavior of the environmental defénsive expenditures
m* axid m? follows very different paths as shown in Figure 5.d, where the time
evolusion of the difference my —mg is represented. o

12



‘ o . E . .
Figure 5:  The effects of homogeneity breaking in the preferences on environmental defensive
' - expenditures of individuals 1 snd 2, mtand M2,

7 Conelusions

We have analyzed an overlapping generations economy in which individuals act
- strategically and are endowed with heterogeneous environmental preferences.
Our model builds on the model of Zhang {1999), where individuals are identical
- and decisions are coordinated by a social planner. Comparing the evolution of

environmental- quality & generated by our model and by Zhang’s one, we have
showed that both models admit an unique interior fixed point, respectively s
‘and Egz, and that Fys < Ey always holds also in a context in which individuals
 are identical and the unique difference between the tio models relies on the
strategic behavier of mdividuals. Introducing heterogeneity, we have proved
that the value of B., s negatively correlated with heterogeneity, measured by the
_perameber e. This allows us to say that, in our specific context, (socio-cultural} -
' heterogeneity leads to a higher depletion of environmental resources. Such result
is in fine with other findings i environmental econotnics literature according to
which socio-cultuzal heterogeneity favors over-exploitation of COTRIRON ACCESS
environmeénta)l resources (see the introduction of this paper),
" Passing to stability analysis of By and Ey, we have showr that, in a conbext
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Wlth 1dent1ca1 mdmduals strategic behavior has a dostabllwmg affect. That
is, for the same parameters’ values, local atty s,ctweness of s huplies local
attractiveness of Fz, but the vice-versa does not hold. Heterogeneity gencrates
a further destabﬂlzzng effect on Ee; more specifically, By becomes repulsive for
2 high enough value of e. This destabilizing effect may favar the rise of complex
dynanics and chaotic behavior via period doubling b1furcatmns as numer ma.l
mmalatxons sugge%
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