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Abstract This article investigates growth in an economic environment where prevail corruption and under development
defined as the interaction between poverty on the one hand and the relationship between production and pollution on the other
hand,. The purpose is to determinate requires conditions able to allow the economy converges to its sustainable optimal
growth path. Whereas multiple equilibria due to corruption keeps the economy under developed and prevent it fromthe reach
of the long run optimal sustainable growth path in which poverty is absent and average income levels at least equal to the
threshold ofthe living standard, human capital accumulation through learning by doing financed by the social p lanner with
pollution income taxes introduces social insurance acquisition possibility and sustainability improvements. The model
highlights suitable mechanics of growth sustainability and establishes that corruption partly prevents international

Organizations’ actions to reach their targets.

Keywords
U-Shape, Corruption

Poverty, Sustainability, Institution Imperfections, Multiple Equilibria, Strenghned Compound Inverted

1. Introduction

The aim of'this article is to provide theoretical foundations
of economic growth in the context of under development and
corruption prevalence in Sub-Saharan Africa. As human
capital accumulation plays a great role in poverty eradication
through productivity increase, social insurance acquisition
through income increase does the same thing in
sustainability improvements target confirmed by the inverted
U-shape curve existence which indicates development
sustainability achievement. The model also establishes that
subsidies to low efficient firms may help poor economies get
out of under development faster if corruption is absent.

Studies on corruption mostly show a decrease on
economic capability to get out of under development or to
converge to the long run growth[1]. Institution imperfection
is evaluated to up to 55% in Latin America against 45-85%
in Faster Asia and 80% in Africa[2]-[3]. Mbaku emphasizes
the important role that institutions have in corruption control
and he recommends reconstructive democratic constitutions
as a development tool[4]. In regard to the definition,
corruption is a behaviour which deviates from formal duties
of public role because of private regarding (personal, close
family, private clique) pecuniary status gains; or violates
rules against the exercise of certain types of private
regarding influence[5]. The World Bank takes minimal
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working definition which is the abuse of public office for
private gains.

Corruption is motivated by poverty, productive capacities
low technology and sustainability matters in developing
countries while low labour productivity is mostly the
resulting effect of the brain drain in Africa. According to
National Commission of United Nations for Africa, 52% of
people live actually with less than 1$ per dayl., extreme
poverty represents 43% of urban population against 59% of
rural population, poverty concerned 217 millions of people
in 1987, 291 millions of people in 1998 and 310 millions of
people in 1999 in level terms. World Health Organization
reports that non cleaned water and air as well as pollution
cause almost 300,000 deaths per-day in developing countries.
Therefore, under development or the link between poverty
on the one hand and the interaction between production and
pollution on the other hand, characterize African economies
and deserves a deeper study in order to establish conditions
for growth and development economics.

The article uses the literatures of corruption and pollution
connected to growth. On the one hand, the literature of
corruption can be summarized in three approaches. The first
research line addresses why policy makers, business leaders,
and private citizens should concern themselves with the
existence and elimination of corruption[6]. This research

! This is the World Bank's global poverty count, which started with Montek
Ahluwalia, Nicholas Carter and Hollis Chenery (1979), and became the
dollars-a-day count in the World Development Report, 1990 was incorporated
into international policy making and discussion via the Millenium Development
Goals (MDG
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program focuses on the effect of policies and reforms on
growth and macroeconomic stability and concludes that
differences across countries in the quality of their institutions
explain growth heterogeneity. The second research line
addresses how and when political, social, and economic
forces contribute in counter corruption drives, cost-benefit
analysis on the part of a country’s leaders in order to
determinate existence or lack of an official policy[7]. The
third approach focuses on what types of policies effectively
counter corruption and highlight effective anticorruption
instruments.

In a formal way, economic models the corrupt employee
as a rational actor who decides whether to engage in corrupt
activity by balancing the potential benefits against potential
costs and consequences. Therefore, policies that worsen the
consequences of engaging in corruption by increasing
severity of punishment and likelihood of detection will lower
corrupt activity. Bardhan argues that the frequency of
corruption in a society changes the balance of its marginal
costs and benefits for an official 1[8]. Klitgaard
conceptualizes the opportunity for corruption in a formula: C
(corruption) = M (monopoly) + D (discretion) - A
(accountability)[9]. The opportunity for corruption is a
function of the size of the rents under a public official’s
control (M), the discretion that official has in allocating those
rents (D), and the accountability that official faces for his or
her decisions (A). Other lines of research suggest a mixture
of causal factors drawn from both political science and
economic approaches. Ongoing empirical research of
Kaufmann suggests that the determinants of corruption are
complex because poor institutions, civil liberties,
governance and economic policies, as well as other
characteristics play an enabling role for corruption[10].
Along these interdisciplinary lines, the World Bank points to
both institutional and economic policy factors which create a
nourishing environment for corruption.

On the other hand, growth literature in connection to
environment components begins seriously in the mid of the
1990s on the basis of the Meadows claim. The tool used is
the Kuznets curve highlights by the U-shape inverted curve
in theoretical models in order to specify that growth or
development is sustainable. There are three approaches of
growth connected to environment. The first approach studies
the relationship between growth and pollution[11]-[16], the
second approach links growth to natural resources[17] and
the third approach links growth to climate change.[18]-[19]
This article is connected to pollution in order to study
Sub-Saharan Africa growth sustainability because natural
resources and climate change don’t affect human
sustainability more than pollution does.

This study models the economic environment closely to
the literature of corruption in order to establish growth and
sustainability foundations in poor countries. The economic
agents of this macroeconomic analysis are consumers, firms
and a social planner. The social planner corrects market
failures. Both firms and consumers are divided in two parts.
Some firms are efficient, some other are not. Equivalently
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some agents are poor and some others are not. The social
planner’s intervention is legitimated by the fact that pollution
hurts the poor agent's utility function whom he finances
human capital accumulation with the revenues fromtaxes on
emissions, G he got from non efficient firms which he
transfers to most efficient firms in order to organize
knowledge acquisition through leaming by doing, while
production is taking place in order to allow the poorest
agents get a social insurance through income increase. The
least efficient firm N; has a probability p to face an honest
budget collector staff and a probability g=/-p to face a
corrupt budget collector staff who accept to negotiate about
changes on the tax rate set by the social planner. Since g#0
there exist multiple equilibria which highlight institution’s
failure in the developing country and explain at the same
time why the economy remains kept in a poverty trap as well
as weak foreign aids impact on the economy. If g=0, the
economy converges to its unique optimal sustainable
development path on which, the wage rate income w(?)

equals at least the threshold standard of living, wie w(t)>

w’ . Then the agent can be covered by asocial insurance i.e
v(1)#0.

The results obtained are first, institution imperfections
create growth instability and increase the difficulties to
predict its evolution over time. Second, subsidies received
frominternational donors may lift the economy from poverty
trap if corruption is not introduced. Subsidies to firms are
more efficient for growth sustainability and development
than fiscal policy based on revenues from emission taxes
proposed by the model. International aids may achieve their
target without corruption prevalence. Third, corruption is
unable to boost the economy to its long run sustainable path,
tools control for perfect institution may must be established
in order to lift the economy to optimal growth.

The article presentation is organized like follow, section2
sets the model, section3 gives the market equilibrium
conditions and sections 4 discusses the optimal growth
sustainability program for development and poverty
eradication. Finally section5 concludes on the model.

2. The Model

Consider a developing country where exist a constant
labour force at each period, L(?)=L and N firms divided in
two parts to produce the same homogenous consumption
good using technology differentials indexed by, z(?) €/0,1] . If
z<], the technology used is cleaned and generates high
(efficient) and ecological per-capita production. Otherwise
if z=1, the technology used produces consumption goods in
the dirtiest way.

2.1. Production Sector

Lemma 1: Let z be an index of technology inside the
range 10,1]. Then, technology ¢ (2) chosen by the two kinds
of firms differs in their technological sophistication i.e the
respective non rival technology chosen by the High-Tech
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sector of production and the Low-Tech sector of production
are

1
#(z)= 0<z<l1 (1)
-z
#z)=6 z=1 2
0 is a parameter such that 0<d<1 (see the appendix for

proof)

The production functions of the firms N; and N, are
specified according to Eicher where firm N is associated to
Low-Tech production sector because it uses old and

discarded technology ¢ (1)=d and a labour force stock L;

endowed with a basic human capital level, /,.[20] In contrast,

firm N, is associated to High-Tech production sector which
uses new technology ¢(z):]/1-z and skilled labour force
stock L, endowed with at least the average human capital
level A;.

The Low-Tech production function is expressed by
equation (3) i.e

Y,() = oh L (¢} )

0>0, us+y;=1 is the sumof'the elasticity of basic human
capital and labour force stocks used where 0<w;, y;<I. The
Low-Tech sector can't improve its productivity if no
investments are done both in cleaner technologies and in
human capital accumu lation.

The High-Tech production function is expressed by

equation (4) i.e
—z) (e )y Ly (¢ ) )

Y,(0)=(

0<uz, yz<I and uy+yz=1 is the sum of the elasticity of
human capital and the of the labour force.

Production of the consumption goods takes place in
perfectly competitive sectors. Rewriting the production
functions (3) and (4) in intensive forms and setting
k1()=ho/Ls(t) and kxt)=h(t)/L(?), per capita production
function of the Low-Tech and the High-Tech are
respectively expressed by (5) and (6) i.e

i (2) = Sk (2 )" (5)

»:(0)=(1=2) "k, ()" (©

Where y; (1) =Y;()/Li(1) and y»(t) =Y2(1)/Ly(1)

Profit maximization yields the standard first order
conditions ie the wage rate income equals the marginal
product of the High-Tech sector, w'(t) and the Low-Tech
sector, w"(t) respectively expressed by (7) and (8)

-1
")=r0-2)"K0) zw* O
wh(t)= Sy k, () < w* (®)

Where w* is the threshold ofthe living standard, when an
agent's wage rate income is below w*, then he is poor.

Each firm of the both categories N; and N, determinates
its own interest rate when maximizing its profit which we
assume to be the respective human capital hiring costs r; for
the firms N; and r, for the firms N, where r/#r, i.e

1= ok B ©)
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1 -1

ry=(1-z)" k" (10)

Ifr;=rz, it yields the “catching up” equilibrium condition
of the firms N; and N structure expressed by the condition

ky=k =k where k =[(1-z2)du, / w1, ]"*>

If r;<rz , we join Solow neoclassical result with respect to
absolute convergence where marginal benefit of per-capita
capitalstock, k; is higherthan that of per-capita capital stock
k. Thus, with technological improvements, the firms N;
grow faster than the firms N, . In the long-run, there is
absolute convergence of the firms[21].

Ifr;>r», we join the AK result with respect to conditional
convergence . The marginal benefit of per-capita capital
stock, k; is lower than the marginal benefit of per-capita
capital stock k.. Thus, the firms N; are more sensitive to
collapse or the ending of activities than the firms N, , the
firms N; can't grow faster than the firms N . In the long-run,
the firms are not the same because the marginal benefit of
capital is no more decreasing like in the previous case.

2.2. The Capital Stocks Dynamics

In conformity with national income accounting
conventions, it is useful to define an accounting measure of
per-capita stock of capital as cumulative forgone output.
Thus k(1) , k2(?) and h(t) involve according to the following

k=& —el)-rel) (D
le)=(1-2) k) ~ee)erele) 02
h(t)=0v(t)1—z) " Alz) (13)

A

T is a positive per unit of emissions taxrate, e;(?) =E(t)/L(t)
is a per-capita standard emissions of the firms N; , 6,>0 is
the productivity of human capital.

2.3. Preferences

2.3.1. The Poor Agent

The intertemporal utility function of the poor agent is
expressed over consumption, c; and pollution, x;. Pollution
hurts the poor agent as expresses his utility function, (14).
The social planner sets a bound on the dirtiest technology
that may be used in respect to pollution generated. Therefore,
the utility function of the poor agent is expressed by (14)% ie

U@ﬁxau»=iaﬂ[q@y“‘*]-3%§f ™

0 -0,

p>0 is the intertemporal discount rate, { is pollution intensity
and o7 is the inverse of the elasticity of substitution.

If B>0 (the parameter of the impact of pollution in the
utility function of the poor agent) and >/ then, the firms N,
pollution function x,(¢) highly hurts the utility of the poor

% This fanction is the same as the one used by Stockey (1998)
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agent. The second term of the utility function is the marginal
cost of pollution and the first term of the utility function is
the marginal benefit of production (consumption). For a
fixed {, preferences of the poor agent are increasing if
0:<I ,are decreasing if o;>~/ and are constant if o,=1.
Assuming that poor agent spends his whole per-capita wage
rate income in consumption goods i.e wL(t):c1(t) then

57(1(;)”1 ch(t)/j/l =x; therefore, the intertemporal

utility function depends on per-capita consumption only,
expressed by (15) i.e

Ul )= [ [Cl(f)”‘ —IJ_ REN0EA

dt (15)
0 1- 0, S
The optimization of the intertemporal utility function, (15)
yields per-capita equilibfium consumption ¢; and
per-capita pollution level x; i.e
* 1 /oy +¢-1
e =B, 15¥]
and
* /oy +¢5-1
—1 -1 G 1
X =7 [B (71/5) }
From ok, (t)”‘ = (t) /'y, =x; per-capita pollution

o o

x()’l) ki

=’Ll —
x(yl) 1 k,

Substituting per-capita capital dynamics evolution by its
value and setting the total revenues from emissions taxes
A

such that, G= 7 e, then pollution growth rate is

x(3,)

growth rate of the firms N; is

/oy +¢-1

(s [B'rer]™ 46
x(yl) kll_ﬂl k,

The calibration of the firms N, pollution growth rate such
as following for example ie

a=0.8, (=1.5, u;=0.5, u=0.2, y,=0.5, G=B=1, z=0.5,
02=0.5 and the simulation determinate the U inverted curve
(figurel)

Poverty function is defined such that

* *
p_ GU!Cl , X, Lc_gl X

1 b

ot X,

(16)

1

then its expression is

-

X

(17

Proposition 2: The economy converges to its unique
optimal sustainable development path without poverty if and
only if there exists a couple equilibrium variables of
per-capita capital stock and revenues from emission taxes,

* 5
(k;, G ) such that
M=

k' =louy] (19
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1
G" =y [ = () +

(2-m)o +(1-)(os-1) T (19)
o (1_/“1)

(au® )" ™y

o1
o1 +6-1

l//:[B 1(71/5) ]

Setting P=0 (see the appendix for proof) ie poverty
eradication yields revenues from taxes on emissions G in
function of per-capita stock of capital ie G=G(k,). Then

* * Vo /=y
oG k, 2[5#12[3_1(71)g:|'7 ) ]

o yields
Substituting the expression of per-capita capital equilibrium
found just above in the expression of G=G(k) yields the
both variables in terms of parameters only i.e equations (18)
and (19). The inverted U-shape exists, poverty may be
eradicated and sustainability improved over time.

solving

2.3.2. The Non Poor Agent

The non poor agent wage rate income, w' (z) allows the
agent contracts a social insurance v(?) like each agent who
works in the firms N.. Indeed, the utility function ofthe non
poor agent is expressed by (20) i.e

Ul )= ey ) 1],

0 l-o,

(20)

a>0, p>0 and a+p=1, o is the inverse of the elasticity of
substitution between consumption and social insurance, p >0
is the intertemporal discount rate.

The budget constraint of the agent, w(t)=c(t) +v(1) leads

to (1 - Z)flj/zkz(t)#2 = Cz(t)+ V(t). Optimization of the
utility function subject to the budget constraint yields the

equilibrium  per-capita consumption ¢z (1) and the
equilibrium per-capita social insurance ie
Cz(t)* = 0‘(1_2)_17/2k2(z)#2 and

V(t)* = IB(I - 2)7172k2(t)#2 where ¢ (z)=(1-z) ™ and

0<z<I.

The firms N, per-capita pollution function x(y2)=yzzg

implies x(y2)= (Z‘g /1- 2)1(2”2 is a decreasing function in
per-capita capitalstock. Thus the firms N, pollution function

growth rate is x(yz) = i, ki
x(yz) ky

growth rate of the capital stock of the firms N, by its value,

yields the final analytical pollution type 2 expression (21) i.e

. Substituting per-capita

—x(yZ) = /12(1 —0[}/2)(1 _Z)_lkzyz_l TH, G @)
x(yz) k,
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The calibration of the firms N, pollution growth rate such
as following for example i.e a=0.8, {(=1.5, u»=0.5, u=0.2,
y2=0.5, G=B=1, z=0.5, 6,=0.5. Then, the simulation of the
firms N, pollution growth rate displays a decreasing curve

(see figure2). U-shape added to a half inverted U-shape,
yields strenghned compound inverted U-shape.

Proposition3: setting pollution evolution to zero i.e

x(y2 ) =0 yields the equilibrium per-capita stock of capital

leading to pollution eradication, k;  such that
1 py
PR | BRVS
ay,—1

Where G* expression is already determinate above

Proposition 43:. The thresholds of production y*, of the
wage rate income w" and of human capital level h are
expressed by equations (23)- (25) i.e

y =z""(u, /oy, )G’ 23)
W*:Vz(luz/a%)G* (29
B =[p0,u,/a(l-z\u+6,)G" (25
See the appendix for proof
3. The Optimal Problem
a() o1yl )
Max Te_p’ I-a o ° dt 28)
] YORIOS I
+
i -0, ]
k(1)= ()" -G ~c0)
kz(t): (l - Z)ilkz(t)yz +G- Cz(t)
hle)= 0,1 =) el
According to the Optimal Control Theory, the

Hamiltonian, H is expressed such as
P B W 210 N X0 0 0
-0, S -0,
Ay =G-a)]" afi-2)"k 0 +G-c,(0)
+ 2,8,(1—z) " v(t)n(r) (29)

Definition 1: The sustainable development path is defined
by a three components vector (g4, g2, gv) 1.€

+

® The aim of the economic indicators or the thresholds of crucial variables is to
evaluate the way poverty and environmental degradation can be improved in
order to establish Pareto optimality in correcting failures introduced by the
market based economy
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1 1
g = p— (30)
o +¢-1 my

I=py 1ty
g2=1‘ﬂ(l“’2){u;(1_z)”*‘{"gf] —p}an

0,
— — =,/ 1,
gvzl /8(1 0-2) ﬂzz(l_z)_l/#z (0‘_7*2] —p
! G (32)

Eles=]

Where

o

g, = S is the economic growth rate of the firms N ,, the
C
1

©° °

growth rate of the efficient firms is g, = C_zand g, = Yis
(& A%
the environmental quality growth rate
Definition 2: the optimal sustainable development path
where the economic growth and the environmental quality
grow at the same rate i.e (g1, g2, gy)and g, =g, exists (See the
appendix for proof)

4. Results and Discussions

I’ results category: the tax rate set is the sum of the
payment probability conditioned by the government staff
behaviour, where he has a probability p to be honest and ¢ to

N
be corrupt added to a corruption degree expressed by sie: 7

AN

=pratq(1-s)ri=(q+p)ri-qsr1=rs-qsry yields 7 =(1-qs)rs.

If q=0 ‘ie corruption is absent, there exist a unique
optimal sustainable development path expressed by a couple
of functions, (G, k) such that, G= G and k2=k2*, therefore,

N

because r;= 7 and g,= g, , the poor economy converges to
its optimal sustainable development path without poverty

N

and pollution” due to the fact that p=I, then T =r;=

Sk, =1/y . therefore
1

G=G" =| au’y" [ — () +

(2-m)o+(1-p1 )(0,+6-1)
51(1_/41)

-1(33)

()

* Proof o fexistence and stability of sustainable growth path (see the appendix)
5 gv=g, yields o0,=1-1/2a then g;—g, if and only if
ri=[os+-1]/[1+(20-1)/40a]r,=Ar; for simplicity, we assume r;=7,
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1/ py
(34)

K=k, = (ﬁ](l ~z)re

ay,

If q#0 i.e p#1, the optimal sustainable development path is
not pareto efficient because, there exist multiple equilibria
due to negotiation between the firms N; and the budget
collectorstaff, the bias introduced leads to, G#G* and kzqékz*.
The nature of the non optimality depends on the favour
obtained by the firms from the budget collector staff
expressed by s.

If s=1, the firms are checking out the honesty of the staff

AN AN
budget collector, 7 =(1-sq)r;=pr; °, therefore 7 =p(1/y) is a
preliminary corruption activity where e is a per-unit emission
stock. The success of the policy depends on the value of the
probability, if p is close to 1 then the optimal sustainable
development path is reached because negotiations between
the staff and the non efficient firm fail, thus,
1

i AN (1= A
S’ (I/TJ —(# [1 / r])_1 +

— -1

(2=4)a+H1-44 ) (1 +6-1)
(624> )m_”‘ (mj

0'1(1_/41)
(34) converges to G*

1/ py
and k, 7= {ﬁ(l_z{iﬂ (35) converge to kz*
ay, 4

G=

AN
where 7=1l/vy.

Otherwise, if p is close to 0, the optimal sustainable
development path can’t be reached because negotiations
between the staff and the non efficient firm achieved and
then, G converge to 0<G and k; converge to 0<k2*.

If 0<s<I , there exists a positive parameter b where

N
0<b=<1 such that 7 =(1-b)/y there is funds eviction where
q#0 ie funds for development sustainability and poverty

eradication are only partly provided. Indeed we have,
1

A q A
G= 5/112(1—1;/1} —(,ul(l—b/rj)"+

(22— )0, +(1- 1 )(0,+6-1)

o, (1-4,) < G*

(36)
-1

(614> )mf”' (1 b/ ?]

and

—1/1-y4

6,,,,:[,[5#1 (2w ' J= ply

7 See proposition 4
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k2:

1/ 41,
£ (1-2) —b)(ij <t (37)
ay, 7

The economy is unable to achieve his long-run optimal
sustainable development path without poverty. Indeed, there
is almost no change of the production structures of the firms
N, because incentives to improve the production process are
too low, pollution and/ or poverty keep increasing.

A

If -1<s<0 , T =(1+b)/y , this situation reveals a special
economic policy deal and can be viewed in two different
ways with respect to the impact on sustainable development,
we have

1
AV H A
G= 5#12(1”9/7] —(,ul(1+b/r])l+
(39)

(2-p )0, +(1= 1, ) (0, +¢-1) -1

(024 )m_”l (1 wy ?] o) -G
1 py
e
PO e (1-z)1+b) — k" (39)
ay, "4

Two interpretations can be given:

First, the budget is higher than the expected value because
firms may have received subsidies from international donors
for examp le in order to improve the production process. Non
efficient firms are able to change their production structure
without high investment costs, thus are no more taxed by the
government and don’t need dealing with corruption which
reduce pressure in regard both to the competitive
environment as well to the social planner. Subsidies on non
efficient firms increase the speed of convergence of the
economy to optimal sustainable development path.

Second, the social planner discovers corruption activity
and asks Low-Tech firms to give back funds not paid. Indeed,
the surplus viewed is only debt contracted by most polluting
firms to the government or retards on bill payments. Thus,
low tech firms are out of law and must give back the money
kept in order to establish optimality. Costs are too high and
firms can’t pay. The social planner must order the cease of
their activities to punish corruption activity if so, some firms
N;stop theiractivities also because costs become higher than
profit, the sustainability improves as well as poverty is under
control.

Conclusion: multiple equilibria due to corruption come
from non accomplishment of the law, Optimal fiscal policy is
efficient if the required conditions are filled. Otherwise,
Institutions imperfections explain under development as well
as poverty. Firms’ subsidies for production improvements
are more efficient for sustainable development and pollution
eradication than fiscal policy on emissions. Negotiation
between firms and staff budget collector should be punished
by the law.

2de results category
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A
We’ve seen that, g=0, the tax rate 7 =r; indeed G= G
and k2=k2* therefore, now we know that it leads to

o
o, +¢-1
a reference of the efficiency of the economic policy
conducted by the social planner in regard to the biased
situations i.e when g#0

g = [P—l/ﬂll//]:g”‘ and this situation serves as

N

If g#0 , the tax rate 7 #r; indeed G#G* and kg;ékg*

therefore X X
If -I<s<0 then G>G and  k,>k; indeed
! Yo >g =+ if there is forei
g = - g if there is foreign
'ooy+e-1|T pm(1+b)

aids introduction or fiscal policy based on investment
support of the firms, growth accelerates. Otherwise, if this
case corresponds to debt contraction because of corruption,
then g;<g; * emissions still too high than the expected level,
the economy can't converge to the optimal sustainable
development path because funds are not high enough to
support professional training. Emissions remain too high to
allow growth increases. Poor agents are unable to change
their social status because of imperfect institutions. Most of
polluting firms pursue their activities, thus poverty under
development and corruption maintain.

If 0<s<I then G<G  and k,<k, indeed
I P ¢ in thi the bi
g = — , In this case, the bias
o, +¢c—1 w(1-b)

introduced leads to low funds and high pollution, thus
continuous corruption and low growth.

If s=/ then G<G* and k,%,  indeed
1 o
g = p— . The bias introduced depends
o, +¢—1 "o

on the value of the probability p such that the economic
policy is completely ruled-out since p converges to 0
meaning that ¢ converges to / or extreme eviction, in that
case we have g, converges to 0. There is no capability for
the social planner to make the economy getting out of
poverty trap. If p  converges to I, then

AN

converge to g;*, development

H

and sustainability are improved.

1
&=
o,+¢-1

5. Conclusions

Fiscal policy based on emissions taxation can allow the
poor country’s economy get out of poverty trap if required
conditions are filled i.e there is no corruption for
underdevelopment to cease and sustainability to improve. If
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institutions are imperfect, the poor country’s economic path
takes more time to reach optimal locus without poverty even
using subsidies on firm financial support. The model
examined the modality for the poor economy where prevail
corruption and under development to overcome growth
absence and establish optimality and finds that: productivity
increase due to human capital increase may open up social
insurance possibility and sustainability increase, firms under
development capacities are nourished by negotiation which
creates non rational choices and poverty prevalence. Under
development and poverty motivate corruption and alter
sustainability. Examining the instant in time when
negotiations hold between the government staffs and firms
yields to economic policy interruption and show that it is
difficult to prove corruption existence through data,
analytical models are suitable to study hidden behaviours

like corruption because of data wunused for its
understanding.
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Figure 1. the inverted U-shape provided by poor solution wtility
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Figure 2. Half inverted U-shape highlights by non poor agent strategy
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Proof of Lemma 1
Following Stockey (1998), the firms produce y(?) using
the technology ¢ (z) which generates a level of pollution

x(t)=y(1)z(t)°. Therefore, potential production is y(?) ¢ (z())
where ¢ (,) is the technology function which is increasing
and convexon actual productionie ¢@'(2)>0, @ "(2)>0and
@ '(1)=0<1. Then, the effective production function i

Effy(t)=y(t) ¢ (z(t))-y(t)z(t)°..The choice of the technology
is given by the equilibrium condition provided by the
optimization of the effective production function with
respect  to the index of  technology ie:

5E];fz(y) :0:¢.(Z):6ZH

If e>1 then, there exist an integer n such that n=¢-1>0.
Indeed, the derivative of the function of technology is,

(15'(2) = (l + n)z". Therefore, the previous function can be

+00
approximated by the series 2(1+n)z" . Given that the
n=0
+00
general term of the series Z zP is 2’ and converges to
p=0
+o0
1/1-z since |z|<I. Then Z (1+I’l)Zn is the derivative of
n=0
the previous serial where p=17+n. Thus, its general term is
o0
pz’" and can be approximated by the series z (1 + n) z"
n=0
which converges to 1/(1-z)’.. Therefore, we
@ '(2)=1/(1-2). Indeed, @ (2)=1/1-z<c0.
Consequently, if 0<z<I, the technology chosen by the
firms N is ¢ (z)=1/1-z<co which is an increasing convex

have

function.

In contrast, if z=1 then, according to the assumptions of
the model, we have ¢ '(1)=0 thus ¢ (z)=0z=d which
corresponds to the technology chosen by the firms N, , a
constant function not linked to the index of technology.
Consequently, the technology used by the firms N; is ¢

(z)=6".
Proof of the growth rates

oH - _ _
—=0=¢" _3(71 1fclg 1:ﬂﬂ
oc,
aH a(l-o,)— —-c
o0z e, W) 2 g
oc,

>

¥ Because ofits improvements absence through time, it is a pollution-augmenting
technological change [Bovenberg-Smulders (1995)]. It generates an increase in
pollution through time in contrast to the technology used by the firms N, which
therefore, is a pollution-reducing technology. The lower the technology index is,
the more efficient the corresponding production is both in its level and its quality
(ecological) aspects
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Aoy o) =11,
A%

Therefore we have

o o
—o.——(c=1) =22
O'zcl (g )Cl /11

le(1-0,)-1]2 - pl1-o,) =22
c, v ﬂ'z

>

E)

A
ali-o) -1 pli- o =2+
c, v A4 h
Where
C1 C2
§=— &=
G )
\%
& =~
v
The factor prices are
° oH
A= ,011 —a—kl then
A 1 u
-j=p—&4@ﬁw}=p—byr
oo OH g e
Az —,0/12 _8_/(2 then Z=Io—,uz(1—z) 1k2”2 !

: oH :
b= ph = hen T (12) v

Where v* is the optimal demand of insurance
Therefore we obtain

p_
o +¢—1 my

:—l_ﬂ(l_%) #22(1—2)”#2(%J1_ﬂ2/ﬂ2 -p

8=

&>

o, G
l_ﬁ(l_oz) 2 -1/u2 (0‘72 )]#2/#2
A S 1—
g, : 75 ( z) - o

1=p /1
_( Hy j ay,
1-z )| (1-2) ,G

Proof of the Optimal solution stability

If g; =g, then we solution can be written such as a (2,2)
matrix i.e

M
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_ 1 1

o +5-1 My

1-p(1-0,) {hﬂ(l—oz)} 2
- |#

o, o,
Vv ay l—, /1y

1-z) Hy _3)
(12" 2

Indeed the characteristic polynomial, Py, (4) is the
following matrix

g b
o +¢—1 Yy
1_18(1_0-2) 1_,3(1_0-2) ,uz(l—z) Vp,
0-2 02 2
1 2/ 2
(ayzj Hyl 1 L
G*
We obtained through the calculus that Py
(2)=A>+(a+b))+ab
Where
o
=01 ts—1
I—py /1y
b—{l ﬂ(l 62)}!122(1_2)—1/#2(05_7*2]
o, G

Therefore A=(a+b )’ -4ab=(a-b)* >0
Thus, there exist two eigenvalues which are

1
=01 te—1_g

m:F_ﬂO_GJ}JO—zV”{%?jﬂﬂMW

0,
1
Trace (Pu(A)=\"+ A= - +
o, +¢-1
1—pty |y
{l_ﬂ(l_%)}zzz(l—z)””{a—{zj 0
o, G
Det(Py(l))=\"A"= o
o, +¢-1
1=ty |y
|:1_ﬁ(l—0-2):|lu22(1_z)—l//12(a_7*2j >0
o, G

Consequently, the solution exists and is optimal
Proof: setting the pollution evolution to zero ie

x(y2 ) = () yields the equilibrium per-capita stock of capital

leading to pollution eradication k;  such as
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1/ uy
kz* ~ (L}(l — Z)G* because

ay,—1

|057/2—1|<a7/2 then 1/|a}/2—1|21/ oy, which yields
( H, Jz(ﬂzj
ay, -1 ay,
Uy,
>k;2(lQJ@—AG*

(Lj@ 6
ay,—1 ay,

. Indeed we can approximate per-capita capital stock such as

1 py

* H, *

k, =[——-@—AG

ay,

previous conditions on capital equilibrium stock k; and
. . * .

revenues from taxes on emissions G are filled, the social
planner’s intervention has higher probabilities of success.

First, to prove the production threshold’s expression, we

then we have

1 py

. Therefore, since the two

follow Stockey (1998) in assuming z = (y* /'y, )uz where
0<uz<I.Indeed, the threshold of the level of production is 9,

y* = Z””zy2 which leads to y* =gl (1 —Z)ﬁlk;”2
then y* =zl (,uz /0(72)(;* We have 0<p,<1 and

0<z<I indeed, Ze converges to 0 and thus y* V2
Second, to express the wage rate income threshold, we

know that w* <w <w" then replacing the wage rate
incomes by their respective value leads to

5}/1/(1*”1 <w <y, (l - Z)flk;#2 replacing once more

per-capita capital equilibrium stocks by their respective
values, yields w = }/2(1112 /0{]/2 )G* finally replacing G*
by its value, gives the wage rate income threshold expression
written above.

Third: to express human capital threshold level, we
assume that basic human capital growth rate moves such as

o

ho(t)/ho(t)=u5. Therefore our aim is to make wudh

converge to A" where h /h° already converge to

° *

h(t)/h(l‘) and therefore we have, & /h =60,v"(1-z) 7 and

h" is the learning by doing effect on labour productivity, v* is
the insurance equilbrium computed above.Indeed,

hih = [ﬂ@h,uz /a(l - Z)]G* and following Lucas
(1988), ue/0,1] is the fraction of time an agent spends in the
production process in order to increase his labour
productivity. The full time of each agent is normalized to /
and u <0, ie productivity acquired older through the
production process is lower than the one acquired in the
education sector earlier by skilled labour or the actual labour

? the threshold of production is given since the inverse of the elasticity of
substitution equals 1
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force of the firm, N .Costly education is assumed to be more
efficient than learning by doing'.

Therefore we have (u +0, )h* = [ﬂ@h,uz /a(l - Z)]G*
Indeed h° = [f0,1, / a1 —z)u +6,)|G"
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