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Abstract

The purpose of this study is to construct an ecangrowth model with environmental
change and preference formation. The paper is fdusn dynamic interactions among
capital accumulation, environmental change, halotnfation, preference change, and
division of labor in perfectly competitive marketgh environmental taxes on production,
wealth income, wage income and consumption. Theelmoiggrated the dynamic economic
mechanisms in the neoclassical growth theory, tmdrenmental dynamics in traditional
models of environmental economics, and the liteeataf economic growth with habit
formation and within a comprehensive frameworkisltshowed that the motion of the
economic system is given by three nonlinear autoosndifferential equations. We simulate
the time-invariant system. The simulation demotstraome dynamic interactions among the
economic variables which can be predicted neithethe neoclassical growth theory nor by
the traditional economic models of environmentalrgde. For instance, if the past
consumption has weaker impact on the current coptom although the long-term
equilibrium of the dynamic system will not be atdc the transitional paths are shifted as
follows: initially the transitional path of the stk habit becomes lower than its original path;
the consumption level falls initially in associatiavith falling in the propensity to consume;
the exogenous disturbance causes the propensitynsume to fall and the propensity to save
to rise; the national wealth and capital inputstbe two sectors are augmented; the labor
force is shifted initially from the industrial sect to the environmental sector, but
subsequently the direction is opposite before #i®od distribution comes to its original
equilibrium point; the wage rate is enhanced inaesation with falling in the rate of interest;
the level of pollution falls initially, but rise baequently; the output levels of the two sectors
and the total tax income are enhanced before tbheyecback to their original paths.

Keywords. Habit formation; preference change; environmenéd; pollution; economic
growth.
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1. Introduction

Economic growth has close relationships with emrmental changes. As far as neoclassical
growth theory is concerned, early formal modeling teadeoffs between consumption and
pollution were found in the seminal papers by Rleuf1972) and Forster (1973). Interactions
between environmental change and economic growté teceived increasingly attention in the
literature of economic growth and development ($eejnstance, Pearson, 1994; Grossman,
1995; Copeland and Taylor, 2004; Stern 2004; Brack Taylor, 2006; Dasguptat al.
2006). In the literature of economic developmert anvironmental change many researches are
conducted to confirm or question the environmeiitednets curve. The environmental Kuznets
curve refers to the phenomenon that per capitamecand environmental quality follow an
inverted U-curve. A recent survey on the literatofethe curve is given by Kijimat al.
(2010). In fact, in the increasing literature ofpamncal studies on relations between growth and
environmental quality rather than the suggested@mwental Kuznets curve one finds different
relations such as inverted U-shaped relationshipl-ghaped relationship, a monotonically
increasing or monotonically decreasing relationgbimda, 2004; Managi, 2007; Tsurumi and
Managi, 2010). The various relations between ecandevelopment and environmental quality
the inability of economic theories for properly &iping these observed phenomena implies the
necessity that more comprehensive theories areede&tie purpose of this study is to introduce
habit formation and preference change into thealitee of economic growth and environmental
change. As far as | am aware, there is no formatlassical growth model based on micro
economic foundation which deals with economic glgwenvironmental change, habit
formation, and preference change in an integraseddwork.

People behave under influences of their habites&thabits are formed over years. People
may change their habits with different speeds. tdadnie parts of preferences. Different people
have different preferences. The preference isdaageable over time for the same person. This
study tries to integrate habit formation, prefeeerahange and economic growth within a
comprehensive framework. Preferences are changaatllenany factors may attribute to these
changes. For instance, Becker and Mulligan (199tnd that expenditures in health and
education have positive impacts saving (see alsths; 1982; Shodet al, 1990; Olsen, 1993;
Kirby et al 2002; Chaoet al, 2009). Many empirical studies identify relatiobstween
preference changes and other changes in sociaé@mbmic conditions (e.g., Horioka, 1990;
Sheldon, 1997, 1998). In the literature of econognavth with preference change, economists
analyze preference change mainly by introducin@ oreference change in the Ramsey growth
model. A main approach to modeling relations betwg@wth and preference change is the so-
called endogenous time preference. The formal nmageh continuous time formation was
initiated with Uzawa’s seminal paper (Uzawa, 19@8)llowing Uzawa, Lucas and Stokey
(1984) and Epstein (1987) establish relations batviiene preference and consumptions. Becker
and Barro (1988) build a time preference changeemnodwhich the parent’'s generational
discount rate is connected to their fertility. Téneare other studies on the implications of
endogenous time preference for the macroeconon®, @g., Epstein and Hynes, 1983,
Obstfeld, 1990; Shin and Epstein, 1993; Paleoal, 1997; Drugeon, 1996, 2000; Stern, 2006;
Meng, 2006; Dioikitopoulos and Kalyvitis, 2010).€elldea of analyzing change in impatience in
this study is influenced by the literature of tipreference. We introduce changes in impatience
in an alternative utility proposed by Zhang (1998kcept the literature on time preference
change, this study is also influenced by the sleddlabit formation or habit persistence model.
The model was initially proposed in formal economai@lysis by Duesenberry (1949). Becker
(1992) explains the role of habit in affecting humteehavior as follows: “the habit acquired as a
child or young adult generally continue to influenbehavior even when the environment
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changes radically. For instance, Indian adults migrate to the United States often eat the same
type of cuisine they had in India, and continuevéar the same type clothingfabit formation

is also applied to different fields of economic lges (for instancePollak, 1970Mehra and
Prescott, 1985Sundaresan, 1989; Constantinides, 1990; CamplelCachrane, 199%e la
Croix, 1996;Boldrin et al, 2001; Christianet al 2005;Ravnet al, 2006; Huang, 20321t
should be noted thaince the research by Abel (1990), ‘catching ufphwhe Joneses’ is often
used exchangeable with external habit formation.

The purpose of this paper is to study economievtironvith environmental change and
preference change on the basis of the Solow oriersgowth model, Zhang’'s approach to
household behavior, the neoclassical growth maagfsenvironmental change, the literature of
time preference and the literature of habit fororatiThe model in this paper is an extension of
Zhang's two models on environmental change andthabmation. The interdependence
between savings and dynamics of environment islynbased on Zhang (2011), while the habit
formation and preference change are based on Z{2&i@). Section 2 introduces the basic
model with wealth accumulation, environmental dyre@mhabit formation and preference
change. Section 3 studies dynamic properties ofmibgel and simulates the model, identifying
the existence of a unique equilibrium and checkimgstability conditions. Section 4 conducts
comparative dynamic analysis with regard to sonramaters. Section 5 concludes the study.
The appendix proves the analytical results in 8edi

2. TheBasic Modd

The production side of the economy consists of iodestrial sector and one environmental
sector. The industrial sector is similar to thendtad one-sector growth model (see Burmeister
and Dobell 1970; Barro and Sala-i-Martin, 1995)e Hzonomy has only one (durable) good and
one pollutant in the economy under consideratiorihé literature of environmental economics,
there are different kinds of environmental varial{eg., Moslener and Requate, 2007; Repetto,
1987; Leighter, 1999; and Nordhaus, 2000). Capifalthe economy is owned by the
households who distribute their incomes to constieommaodity and to save. Exchanges take
place in perfectly competitive markets. The popotatN is fixed and homogenous. The labor
force is fully employed by the two sectors. The owwdity is selected to serve as numeraire
(whose price is normalized to 1), with all the otheces being measured relative to its price.

Theindustrial sector

Economic productivities are affected by pollutidmough different channels. For instance,
pollution may directly affect production technology the productivity of any input (Grimaud,

1999; Chao and Peck, 2000; Gradus and Smulder$, T®%, 2002) for the impact on the
productivity of any input. We assume that producti® to combine labor forcely, (t), and

physical capital K, (t) We add environmental impact to the conventionatipction function.
The production function is specified as follows

F (t): A ri(E(t))Kia' (t)Niﬂl (t)’ A.a.B>0 a+f=1 (1)

where F (t) is the output level of the industrial sector angit, I, (E) is a function of the
environmental quality measured by the level ofyiah, E(t), A is the total productivity, and
a, and B are respectively the output elasticities of capital labor. The environmental impact
on the productivityl (E) is specified as follows
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r(EM) =€) b=o.

In perfectly competitive markets are competitivaébdr and capital earn their marginal
products. The environmental quality is not decibgdany individuals firm. Letr (t) and vv(t)
represent respectively the rate of interest ancewaig as follows

TN ?

where 9, is the fixed depreciation rate of physical capiésd 7, is the fixed tax rate,
O<<r <1

Consumer behaviors
The representative household decides how muchguoee and how much to save. This applies
the approach to behavior of the household propbsedhang (1993). Per capita wealth is

denoted byk(t). We have k(t): K(t)/N, where is the total capital stock. The per capita
disposable current income which is the sum of titerést payment(t)k(t) and the wage
paymentvv(t) after taxation is given by

y(t) = @ = 1) r(k(t) + @ - 7, )wlt),

wherer, andr, are respectively the tax rates on the interesipay and wage income. The
per capita disposable income is

y(t) = y(t) + k(t). (3)

The disposable income is distributed between saand)consumption. The representative
household spends the total available budget omga\ss(t), and the commodityp(t). The
budget constraint is

(L+7,)clt) + slt) = 9(t), 4)

where 7, is the tax rate on the consumption. In this study neglect the possibility that

consumers explicitly take care of environment. fhodern economies, consumers tend to make
efforts in improving environment, for instance, fmgferring to environment-friendly goods. As
observed by Selden and Song (1995), when society ahdower level of pollution, the
representative agent may not care much about emwent and spends his resource on
consumption; however, as the environmental quigitsers and the agent earns more, the agent
may spend more resources on environmental impraveme

The household decides the two variablsé) and c(t). This study specifies the utility
function as follows

U(t) = c®O ()" E™O(), &(t). (). x> 0,
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where &,(t) is the utility elasticity of the commodity, calléie propensity to consuma, (t) is
the utility elasticity of saving, called the progép to own wealth, andy, is the elasticity of
environmental quality. This type of utility functiovas initially proposed by Zhang (1993). As
Balcao (2001) and Nakada (2004), we assume tHey igi negatively to pollution, which is a
side product of the production process. AccordiagMunro (2009: 43), “environmental
economics has been slow to incorporate the fulireabf the household into its analytical
structures. ... [A]n accurate understanding houseli@davior is vital for environmental
economics.” In our approach,

For the representative householdit) and r(t) are given in markets. Maximizing (t)
subject to (4) yields

oft) = £(B)9(t). slt) = A()5(t). (5)

where

s(t)sf’l(%‘;ft), 0= A0, £=

We call E(t) and /](t) respectively the relative propensities to consamto save. It is the

values of the relative propensities, not the prejies, which matter in determining the
expenditure allocation.

Dynamics of wealth accumulation
According to the definition ofa(t), the change in the household’s wealth is given by

k(t) = s(t) - k(t). (6)
The equation simply states that the change intweakqual to saving minus dissaving.
The demand and supply balance

The output of the industrial sector equals the safirthe level of consumption, the
depreciation of capital stock and the net saviHgsce we have

C(t) + Slt) - K(t) + 5. K(t) = F. (1), W)

where C(t) = c(t)N is the total consumption, anlt) — K (t) + J, K(t) is the sum of the net
saving and depreciation, Wheﬁét) = s(t) N.

Full employment of production factors
We useN,(t) and K,(t) to respectively stand for the labor force and edigtbcks employed by

the environmental sector. As full employment oblahnd capital is assumed, we have

Ki(t) + Ke(t) = K(t), Ni(t) + N(t) = N. ®)
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Environmental change
We now describe dynamics of the stock of poIIutalE(s). Both production and consumption
pollute environment. The dynamics of the stockalfypants is specified as follows

Et) =6, F(t) + 6.c) - Q.) - 6, Elt), ©)

whereq;, q., andq, are positive parameters and

Q.(t) = AT(E)KZ([t)NA(t), AL a., B. >0, (10)

where A, ,a,,and S, are positive parameters, afid(E) (=  i8)a function ofE. As in

Gutiérrez (2008), the emission of pollutants dugimgduction processes is linearly positively
proportional to the output level. This is reflectad 8, F in (10). As in John and Pecchenino
(1994), Johret al (1995), and Prieur (2009), in consuming one ofiihe good the quantity,

is left as waste. We considé. is related to the technology and environmentakeeof
consumers. The ter§, E is the rate that the nature purifies environmehgre g, is called the
rate of natural purification. We use the tendfs N/, in Q, to reflect that that the purification
rate of environment is positively related to cdptiad labor inputs. The function,(E means
that the purification efficiency is related to tteck of pollutants. For simplicity, we specify

as followsr,(E) = 6,E™, whereé, andh, are parameters.

The behavior of the environmental sector

In this study we consider that the environmentaitaeis financially supported by the
government. The sector decides the number of fabce and the level of capital employed. The
government’s tax revenue consists of the tax insoore the industrial sector, consumption,
wage income and wealth income. Hence, the govertgrirnome is given by

Yo(t) = 7 R (t) + 7.Ct) + 7., Nwit) + 7 r(t) K (t). (11)
As in Ono (2003), we assume that all the tax in®m@ae spent on environment. For

simplicity, we assume that all the revenue of thegnment is spent on protecting environment.
The environmental sector’s budget is

(r(t) + 3 )Ko(t) + wt)N(t) = Y. t). (12)
According to Zhang (2011), the environmental seetoploys labor and uses capital in such

a way that the purification rate achieves its maxmmunder the given budget constraint. The
sector’s optimal problem is given by

MaxQ(t) s.t:(r(t) + 4 )K.(t) + wlt)N.(t) = Y.t)
The optimal solution is

(r(t) + 3 )K.(0) = aY.(t). wWt)N(t) = BY. (1), (13)
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where

LA

ae+ﬁe

B

e
ae+ﬁe

a

The time preference and the propensity to hold wealth

Following Zhang (2012), we introduce preferencengegthrough making the propensity to own
wealth and propensity to consume endogenous vesiaBhang’s approach is influenced by the
traditional approach to preference change in ecantimory. To illustrate the approach in this
study, we consider a traditional modeling framewbgk Changet al (2011) in which the
representative household maximizes the followingcalinted lifetime utility with perfect
foresight

” -o(t)
[ ulc,me ¥ dt,

in which u is the utility function,c is consumption, anam is holdings of real money
balances. The time preferenqe(t) is endogenously determined (see also, Uzawa, 1968;
Epstein, 1987; Obstfeld, 1990; and Shi and Epsi®83). The variable changes as follows

o) = [ 6(uls) o

where A >0 is an instantaneous subjective discount ratena §, which satisfiesA' > 0,
A" >0, andA - uA'> 0.We have

There are many other studies with endogenousgreference (for instance, Dornbusch and
Frenkel, 1973; Persson and Svensson, 1985; Blahaat Fischer, 1989; Orphanides and
Solow, 1990; Das, 2003; Hirose and lkeda, 2008)hqAigh this study does not follow the
Ramsey approach in modeling behavior of househwstd,will adapt the ideas about time
preference within the Ramsey framework. The timefgsence in the traditional approach is
related to real wealth or/and current consumpfidns study treats the propensity to save as a
function of the wage rate and wealth. Following @h§2012), the dynamics of the propensity to
save is

At) =2 + A, wt) + A K(t), (14)

whered >0, A, and A, are parameters. Whek), = A, = Olo(t) is constant. If we follow
Uzawa’s idea, then it is reasonable to assdpe andA, = 0. If we follow the assumption

that the rate of time preference is positivelyteglao wealth, for instance, accepted by Smithin
(2004) and Kam and Mohsin (2006), thép= afdA, > O.
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The habit formation and the propensity to consume

The modeling of the propensity to save is influehlog the literature of time preference change.
In order to model how the propensity to consume wieadapt the basic ideas in the habit
formation approach to our framework. To illustrétte ideas in the traditional approach, we
introduce the following habit formation (e.g., Ateaz-Cuadradcet al, 2004; and Gomez,
2008)

t
w(t) = p [etco(s)Co(9ds, p>0, 0 @<,

where C(t) is the consumer's consumption ar@(t) is the economy-wide average
consumption. A larger value fat, implies that the household puts lower weights trem

distant values of the levels of consumption. Takimg derivatives the equation with respect to
time yields

i) = o lc7(ec(9) - 1)

If ¢ =0, the habit formation corresponds to the model witternal habits. Ifg =1, the
habit formation corresponds to the model with imarhabits. If0 < ¢ <1, habits arise from

both the consumer’s and average past consumpti@reTare other models with habit formation
(Deaton and Muellbauer, 1980; Carroll, 2000; Fuh2800; Kozicki and Tinsley, 2002;
Amano and Laubach, 2004; Carretl al, 1997; Corrado and Holly, 2011). Following Zhang
(2012), this study also applies the concept ofthstbck to analyze how the past consumption
affects the current preference. The habit formas@pecified as

lt) = 1o elt) - n(t)] (15)

Equation (15) corresponds to the model with intehadits. If the current consumption is
higher than the level of the habit stock, thenlével of habit stock will rise, and vice versa. The
propensity to consume is relate to the habit stsctollows

&(t) =& +&,wlt) + & nlt), (16)

where& >0, &, and&, > Oare parameters. f, = and¢&, = 0, &(t) is constant. The term
&, y(t) implies that the propensity to consume is affebiethe wage rate. If, > <( ) Gthen a
rise in the wage rate enhances (lowefgt). It is reasonable to assum, > The term
& n(t) shows that ifi(t) rises, the propensity to consume will rise, arue viersa.

We have thus built the dynamic model. We now examliynamics of the model.

3. The Moation of the Economic System

The appendix confirms that the motion of the ecaoosgstem is given by three autonomous
differential equations witte(t), z(t) and E(t). as the variables, whergt) is a new variable
defined by
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The following lemma shows that once we solve theetinvariant system, we know the
values of all the other variables in the economgmt point of time.

Lemmal
The motion of the three variablegt), #(t) and E(t), is obtained by solving the following
three autonomous differential equations with

At) = A (), 7(t), E()),
w(t) = A (2(t), n), E()),
=(t) = A (2(t), nlt), E()), (17)

in which A,, A, and A are functions ofzt), 2(t) and E(t) defined in the appendix. All the
other variables are solved as functionszof, #(t) and E(t) as follows:r(t) and wit) by (A2)
— &(t) by (A16)— A(t) by (A15)— A(t) and(t) by (5)— K;(t) and K.(t) by (A7) —
K(t)=Kit) + K(t) = k(t)=K{E)/N = Ni(t) and N, (t) by (A1)~ F(t) by ()= Qut)
by (10) — 9(t) by (3)— cft) andst) by (10).

m

From the procedure in Lemma 1 we can get the \@lamy variable at any point of time as
functions of z(t), (t) and E(t). The three dimensional autonomous differential &ons are
nonlinear. It is almost impossible to get analytisalution of the time-invariant system.
Nevertheless, we can use a common computer toMdlie motion of the three-dimensional
time-invariant system. To simulate the model, weade the following parameter values

N,=5 A=1 A=05 a =03 a,=04 3=04 h=-005h=-005 =086
A,=-001 A =002 7=01, =02 & =00, & =004, r =005 7, = 005 (18)
r,=005 7,=005 6 =01, =01 =005 4 =003

In the remainder of this study, the depreciatide ia fixed asd, = 003The population

is chosenl0 and the total available time is unity. In our nessical model the population
size has no impact on the per-capita variablesy ¢éveugh it affects the aggregate variable
levels. The chosen values of the available time taedpopulation will not affect our main
conclusions. The total productivity and the outputsékity of capital of the capital goods
sector are respectivelyl, 035, and the total productivity and the output elastiof capital

of the capital goods sector are respectivel§ and 030. It should be noted that both in

theoretical simulations and empirical studies thipuat elasticity of capital in the Cobb-Douglas
production is often valued approximately equalot® and the value of the total productivity is
chosen to be close to unity (e.g., Miles and S&fi)5; Abel, Bernanke, Croushore, 2007).
Although the chosen values of the preference paesiare not empirically based, we choose
the coefficients associated with the wage and Wweadty small so that we may effectively
analyze the effects of changes in these coeffigientthe economic structure. We now specify
the initial conditions to see how the variablesngeover time. To follow the motion of the
system, we choose the following initial conditions:
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2(0) = 65, E(0)=12, 7(0)=13.

Figure 1 plots the simulation result. We first atveethat the habit stock of leisure time
falls while the habit stock of consumer goods tileghey respectively approach the leisure
time and the consumption level of consumer goodss happens as the two stocks are
initially different from their corresponding varig@s. The work time, total labor supply and
labor inputs of the two sectors are increased twez. The total capital and capital input of
the consumer goods sector fall, while the capnplt of the capital goods sector rises. The
price and wage rate fall slightly, while the rafeirderest rises. The propensity to consume
rises, while the propensities to use leisure timé ® save are affected only slightly. The
GDP and the output level of the consumer goodssédall while that of the capital goods
sector rises. It should be noted that it takes mesh time for the leisure time to converge to
its habit stock level than the consumption levet@isumer goods to its habit stock.

Figure 1 shows that the variables tend to movetds stationary states. This implies the
existence of an equilibrium point. Our simulatiatentifies the equilibrium values of these
variables as follows

K = 1475, E=1096, F = 531, Q = 053, Y, = 083 N, = 450, N, = 050,
K, = 1169, K, = 305, r= 011 w= 083, & = 025, A, = 065,
£=027, 1= 072, c=h, =109

It is straightforward to get the following thregyenvalues
- 0137+ 003i, - 005.

As the three eigenvalues have real negative piasequilibrium point is locally stable.
Hence, the system always approaches its equilibifiitms not far from the equilibrium point.
This is important as it guarantees the validitgomparative dynamic analysis for transitional
paths.

4. Compar ative Dynamic Analysis

From the analysis in the previous section we kroat that the economic system has a unique
locally stable equilibrium. This guarantees thatoae make comparative dynamic analysis. This
section conducts comparative dynamic analysis vatjard to some parameters. It should be
remarked that because the system contains marablesiwhich nonlinearly interact with each
other in a very complicated manner over time, ias easy to accurately interpret how all these
variables interact over time.
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Figure 1 — The Motion of the Economic System
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Lower weights being put to more distant values of the levels of consumption
We first study the case where the household pwisrlaveights to more distant values of the

levels of consumption in the following wayz, :01=  03he rise in the parameter also
means that the habit stock and the current levebo$umption mutually converge faster. Figure
2 diagrams the simulation results. In this studyuse the variabléx(t) to stand for the change
rate of the variablex(t), in percentage due to changes in some parametes. Madeed, the

disturbance in the speed of adjustment will no¢cfthe equilibrium of the dynamic system.
Nevertheless, the transitional paths towards thdilegqum points of the variables are strongly
perturbed. As the household puts lower weights tremdistant values of the levels of
consumption, initially the transitional path of thabit stock is deviated from the original path.
As the speed is sped up, the path of the stock habbomes lower than its original path. As the
habit stock becomes lower, the consumption lewsa fllls initially in association with falling in
the propensity to consume. The disturbance calsepropensity to consume to fall and the
propensity to save to rise. As the relative profeis save isA increased, the national wealth is
augmented. The disturbance in the national wealtdbles the two sectors to employ more
capital. The labor distribution path is also shift&éhe labor force is shifted initially from the
industrial sector to the environmental sector,dulisequently the direction is opposite before the
labor distribution comes to its original equilibmupoint. The wage rate is enhanced in
association with falling in the rate of interesteTlevel of pollution falls initially, but rise
subsequently. The output levels of the two se@ndsthe total tax income are enhanced before
they come back to their original equilibrium levels

The environmental tax rate on consumption being enhanced
We now enhance the environmental tax rate on copisoimas follows:7, : 005= 007.The

impacts are plotted in Figure 4. As the tax rate@msumption is increased, the consumption
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Figure 2 — The Household Puts Lower Weights on Nlagtant Values of Consumption
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level and the habit stock of consumption are lesdemhe lowered habit stock diminishes the
propensity to consumption, which implies augmentmghe propensity to save. The national
wealth is increased as the propensity to savecre@sed. More capital and labor resources are
located to the environmental sector. The envirorinemmproved. Both the rate of interest
and wage rate are increased. It should be notadrtithe Solow-type neoclassical growth
theory without endogenous environment, the rat@tefest and wage rate are changed in the
opposite directions. In our model the two varialdes changed in the same direction because
the environmental change affects the productivity.our simulation case the improved
environment augments the productivity of the indaksector. This leads to the same change
direction in the wage rate and the rate of interd3te net consequence of the rising national
wealth and capital input of the environmental setgads to lowering in the capital input of
the industrial sector. As the capital and laboouveses located to the industrial sector are
lowered, the output level of the industrial secsareduced.

Wealth more strongly affecting the propensity to save

How the propensity to save may influence economowth and development is a main question
in economics. It is well known that Adam Smith dtelynes have the opposite opinions about
the effects of a change in the saving propensitham Smith holds that a rise in the propensity to
save will encourage long-run economic growth asaee more means more capital in the
economy, while Keynes argues that to save less sneanreate more job opportunities and
economic growth will be encouraged. In modern eaaos there is no convergence in empirical
studies about the impact of the propensity to skl@eover, there are only few formal models
of economic growth with endogenous preference &mwing. Our model explicitly introduces
endogenous propensity to save.
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Figure 3 — A Rise in the Tax Rate on Consumption
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W now examine how the economic system responds to tHewiolg exogenous
disturbances:A, :002 = 003The change augments the propensity to save. Tagvee

propensity is increased, while the relative profgrns consume is lessened. The change in
the preference results in the increase of natiomalth. The two sectors’ capital inputs are
thus increased. More capital supply leads to lowts of interest and rising wage rate. Labor
force is shifted from the environmental sector e industrial sector. The net result of

lessened labor input and augmented capital inpuhefenvironmental sector is the rising

output level of the sector. As the increased prodncand consumption pollute the

environment more severely than before, the morertsffin cleaning environment do not

improve the environment.

Theenvironmental sector improving its productivity
We now deal with the impact of the following protivity enhancement in the environmental

sector: A, : 0.5 = 0.6.An immediate result of the productivity improverénaugments

of the environmental sector’s output level. Theimmment is provided as the economy is
more effectively in cleaning the environment. Thbdr distribution is slightly changed. The
improved environment enhances the productivitiesthef industrial sector. Although the
relative propensity to save is lowered, the natiorealth is augmented. The two sectors employ
more capital inputs irrespective of rising in thestcof capital. The wage rate, habit stock of
consumption and the consumption level are raised.
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Figure 4 — The Propensity to Save Being More StyoAffected by Wealth

2.4 — 1 - 21—

1.3 Z':i 8'8 o 1

051 30 60 90 102V 0 |
9130 60 90 30 60 90 0306090

£61 B Z;<e 0 = AN, t45]_ /f A,

2 (0313060 90 3}

0 I ' ' ' %8 AN AL t

30 60 90 ' 30 60 90

5 30 60 90 (13
a¢ 15

51[30 60 90 v/ mgkmao 90

Ar

Figure 5. The Environmental Sector Improving ltedRictivity
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Raising the tax rate on theindustrial sector
Let us now change the tax rate on the output lefethe industrial sector as follows:

r, :005 = 007. The raised tax rate lowers the output level ofitfaistrial sector. As the
tax revenue is increased, the environmental sée®more resources to employ more capital
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and labor inputs. The resources are shifted froenitllustrial sector to the environmental

sector. The environment is improved. The induste&dtor’'s productivity is enhanced. As the
productivity is enhanced only slightly in initiatagie, the wage rate is reduced. As the
productivity is further increased, the wage raténigeased. The reduced national wealth is
associated with rising cost of capital. The reltpropensity to save rises initially, but

subsequently falls. The consumption level and h&tbitk of goods are increased.

Figure 6 — Raising the Tax Rate on the Industeat&
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5. Concluding Remarks

The paper constructed an economic growth model arithironmental change and preference
formation. The paper is focused on dynamic intewast among capital accumulation,

environmental change, habit formation, prefererttange, and division of labor in perfectly

competitive markets with environmental taxes ordpation, wealth income, wage income and
consumption. The model integrated the dynamic emimonechanisms in the neoclassical
growth theory, the environmental dynamics in tiadal models of environmental economics,
and the literature of economic growth with habitniation and within a comprehensive

framework. We could have synthesized the differ@eas in a few main streams of economic
theory as we applied an alternative approach tgdimld behavior initially proposed by Zhang
(1993). We showed that the motion of the economygtesn is given by three nonlinear

autonomous differential equations. We simulatedithe-invariant system.

The simulation demonstrates some dynamic interateamong the economic variables
which can be predicted neither by the neoclasgjcalth theory nor by the traditional
economic models of environmental change. For itgtawe examined the effects that the
household puts lower weights to more distant vabfethe levels of consumptioff. the past
consumption has weaker impact on the current copsom although the long-term equilibrium
of the dynamic system will not be affected, thasional paths are shifted as follows: initially
the transitional path of the stock habit becomegtothan its original path; the consumption
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level falls initially in association with fallingni the propensity to consume; the exogenous
disturbance causes the propensity to consume lt@rdl the propensity to save to rise; the
national wealth and capital inputs of the two sectre augmented; the labor force is shifted
initially from the industrial sector to the enviraental sector, but subsequently the direction is
opposite before the labor distribution comes tooriginal equilibrium point; the wage rate is
enhanced in association with falling in the ratentérest; the level of pollution falls initiallfput

rise subsequently; the output levels of the twdosecand the total tax income are enhanced
before they come back to their original paths.

As the model is based on the basic ideas in soomatc theories, it is straightforward to
extend the model in some directions. For instamge, may introduce leisure time as an
endogenous variable. Munro (2009: 3) observesthénunitary model, the household acts as
if it is a single individual maximizing a singleility function in the face of one budget
constraint. It is a simplifying modeling assumptithrat is widely used in most branches of
economics, but it is wrong. The fact that the uwitaodel is inaccurate is well-known and
has been known for many years now.” It is necesgangodel family structure and economic
structure for understanding relations among growthyironmental change and preference
change (see, for instance, Dinda, 2004; Hamiltahzilberman, 2006).

Appendix: Identifying the Three Autonomous Differential Equations
We now find the three autonomous differential eguat and confirm the procedure in the
lemma. First, from (2) and (15), we solve

z i Ki - :Be Ke, (Al)
N. N

I e

Where,ﬁj =B /a;, | =i, €. Substituting (1) into (2) yields

r(z, E):Lﬁiﬁlri - O_k’ W(Z, E):'B'A%—iairi, (AZ)

where we use (A1). From (8) and (A1), we solve

B K +B.K,=2zN. A3)
Insert (5) in (7)

(+ANY-K+3 K=F. (A4)
Put (3) in (A4)

[(E+A)(7,r+1)-0]K +(£+A)NT, w=F, (A5)

wherer, =1-r1, andr, =1-r, .ReplacingF, in (A5) with F, = (r + é'k)Ki la; T, from (2),
we acquire
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[(£+ ). r +1)- 8]K + (£ + AINT, w=(r +5k);—i_. (A6)
FromK, + K, = K, (A6) and (A3), we solve
K, = @N, Ke:ZN_T'B'Ki, K=K, +K,, (A7)
where
do, £, &, 2)=\E A%~ 07
’ 1 ’ (gr + /1)% + w{ )
(0{(2, E) = (Tk r+ 1)2 + Bez_—ww' (Z{(Z' E) = (Tk r+ 1)B| - Be (Tk r+ 1)'
o(z,E)=[o+(r+o)a )]s -dB.
From the definition o and A, we have
Té, + A
+ )= 0 0
'3 Py qA
whereT =1/(1+ r.). Insert (A8) in the definition of;
(ffo + /10)(‘{ - 52(50 + /10)
Z,E, &, A) == AR . (A9)
Ao B )= e a6, +a)
From (14), we acquire
/\ON:(/] +AWWJN+ K (A10)
A A
Put (A7) in (A8)
h=a+ B, (AL1)
where
a(z, E)= A + A, w+ ng, Esw. (A12)

Put (A9) in (A11)
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(F& + A)Bg - Boz(&, + A)
&+ M@ +a (& +A)

A=@ + (A13)

We rewrite (A13) as follows
AR +wA —-w =0, 1A

where

fgo(é‘+éfgo_%@ ¢6¢75+IB5Z :3(”6
%+
TaRe + a0 d —FO26 +TBR G,
%+ 9

w(z E, &)

w(z E, &)
We solve (A14) with/, as the variable

of +4w,
; .

Mz E, &)=— (A15)

We have two solutions from the above equationuinsomulation case the solution

—W HAF +4
/10(2,50,)(0): “ o “

2

iIs meaningful. From (16), we have
go(Z’E’h):g"'wa"'fhh- (Al6)

We solve all the variables as functionszof E, and# as follows:r andw by (A2) — &, by
(A16) —> A, by (A15)— A and & by (5)— K, and K, by (A7) » K=K, +K_,k —
k=K/N — N, andN, by (A1) F by (1)— Q, by (10) — ¥ by (3)— c ands by
(10). Here, we express the function for wealth iviet by this procedure de= d(z, E, 7).
From (11), (3), (15) and (17) and the procedurddtermine the variables as functionszof
E, and#, we have the following three differential equations

k—K(z E,.n)=A9-Kk, (A17)
A:(z,E,n)=6,F +6,.C-Q, - 6,E,
h—/\c(z,E,h)E olc(t) - a(t)] (A18)

We do not provide the expressions because theytei®us. Taking derivatives of
k = ®(z, E, 1) with respect to time yields
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k:a_q)z+/\Ea_q)+/\ca_q)' (A19)
0z oE on

where we also apply (A18). Injecting (A17) in (Al@¢lds

0o 0D |(0P

2=A,(z, E,h)E(/\ AT _A°a_hcj(5j . (A20)

We thus proved Lemma 1.
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