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across countries as well as the need for decreasing returns to scale in pollution-abating
technologies for the existence of an Environmental Kuznets Curve. We show that their
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very general condition that does not rely on either differences in total factor productivity or

JEL classification:

decreasing returns to scale in abatement, and which is widely applicable.

Q50; Q56

1.

Introduction

Chimeli and Braden (2005) show that differences in total factor
productivity can yield a U-shaped relationship between
environmental quality and income in a cross section of
countries, a relationship implied by the Environmental Kuznets Curve (EKC) hypothesis. Several authors have empirically
tested the EKC hypothesis using either cross-sectional data (for
example Gawande et al., 2000; Khanna and Plassmann, 2004) or
data that cover a relatively short time period (for example,
Torras and Boyce, 1998), and Chimeli and Braden's result
provides a theoretical justification for these tests.
In their Proposition 1, Chimeli and Braden derive a condition
that is necessary and sufficient for a cross-sectional EKC under

*
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their model assumptions. This condition is fairly complex, and
they offer only a narrow explanation for their result that
emphasizes differences in total factor productivity across
countries as well as the need for decreasing returns to scale in
pollution-abating technologies. We show that their necessary
and sufficient condition is equivalent to Proposition 2 in Lieb
(2002). We use this equivalence to derive an economically
appealing and general interpretation for Chimeli and Braden's
result: that the existence of an EKC simply depends on
appropriate joint changes in the marginal rates of substitution
and transformation and differences in income or resources,
regardless of what the source of those differences might be.
In the following section, we provide a brief outline of both
models. We retain the original notations as far as possible for
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the sake of comparability with the original papers, but we
compare and contrast the notations to emphasize a few subtle
differences in the setup of the two models. We establish the
equivalence of the two propositions in Section 3, and provide
the economic intuition for Chimeli and Braden's result in
Section 4.

ic good and net pollution is an economic ‘bad', so that UC N 0,
U P b 0. Net pollution increases with C and decreases
with abatement expenditures, A. Outlays on consumption
and abatement come directly from the economy's endowment of resources, Y. Thus the representative agent's
problem is
ð2Þ

max UðC; PÞ

2.

The models

2.1.

Chimeli and Braden (2005) (henceforth C&B)

C;A

subject to
P ¼ PðC; AÞ
Y ¼CþA
Az0; Pz0:

Individual utility, u, is determined by the flow of per capita
consumption, c, and the stock of environmental quality, E,
and it is maximized subject to the equations of motion for E
and the capital stock, K. Both E and c are economic goods, so
that uE N 0, uc N 0. Environmental quality decreases with gross
anthropogenic pollution, P, and improves with pollution
abatement, Π, which is a non-linear function of environmental protection effort, π.2 A social planner maximizes the
present value of social welfare over an infinite time horizon.
The economy's output, F, is divided between aggregate
consumption, environmental protection, and capital accumulation. The model is closed by specifying initial values for
E and K. The social planner's problem is described formally
as:
Z
max
c;p

l

e−qt Nuðc; EÞdt

ð1Þ

0

subject
to
:
E: ¼ −PðKÞ þ PðpÞ
K ¼ FðKÞ−Nc−p
E; K; c; pz0
Eð0Þ ¼ E0 ; Kð0Þ ¼ K0 ;
where ρ N 0 is the discount rate and N is the population
size.3 C&B specify assumptions about the curvature of the
utility, gross pollution, output, and abatement functions to
obtain a unique and interior solution to the social planner's
problem. Because this is an infinite horizon model, they
evaluate the comparative statics that yield an EKC for a
cross section of economies at the steady state. It is in this
context that their analysis is conceptually equivalent to the
static, representative agent model developed by Lieb (2002);
see also Weitzman, (2003), pp. 19–25, which, in turn, is
a more general version of McConnell (1997) and Stokey
(1998).

2.2.

Lieb (2002) (henceforth Lieb)

Individual utility, U, is a function of consumption, C, and
net anthropogenic pollution, P. Consumption is an econom-

2

To be consistent with C&B, we use the term pollution
abatement in the broadest sense so that it includes not only
pollution reduction and prevention, but also recovery as well as
the direct generation of environmental quality through the
creation of nature preserves, species protection, etc.
3
This is a generalized version of Problem 9 in Weitzman (2003,
see pp. 56–60 and 173–181).

Lieb makes additional assumptions regarding the slope and
curvature of the net pollution function (PC N 0, PA b 0, PCC ≥ 0,
PAA N 0, and PCA = PAC ≤ 0), which imply that the consumption
possibilities curve between C and P (which is defined by the
net pollution function for given Y) is strictly convex.

2.3.

Note the notation

The notation and terminology used in these two papers is
sufficiently similar to obscure differences between the two
models. We outline some of the main differences and
potential sources of confusion. First, Lieb defines P as net
pollution (gross pollution less abatement), whereas C&B
define P as gross pollution. Second, Lieb's net pollution P is
equivalent to the negative of C&B's environmental quality
E, under the assumption that environmental quality is the
difference between the pristine state of the environment, O,
and anthropogenic net pollution, and O is normalized to
zero. Third, Lieb's abatement expenditure, A, is the same as
C&B's π. Fourth, C&B model pollution abatement, Π, as a
function of π, and there is no equivalent to Π in Lieb (but
that is irrelevant for our purposes). Finally, C&B use the
variable A to denote total factor productivity. In a cross
section of economies in steady state, differences in A across
countries describe differences in output. So dA represents a
change in steady state output and is therefore equivalent to
dY in Lieb.

3.
The equivalence between C&B's Proposition
1 and Lieb's Proposition 2
3.1.

Lieb

Net pollution P is a function of consumption C and abatement
BP
BP
¼ PC ¼ PC ðC; AÞ and
¼ PA ¼ PA ðC; AÞ, and thereA, so that
BC
BA
fore dPC = PCCdC + PCAdA and dPA = PACdC + PAAdA. Dividing the
two total derivatives by dC and evaluating them at dP = 0
yields

j

j

dPC
dA
¼ PCC þ PCA
¼V
dC dP¼0
dC dP¼0
and

j

j

dPA
dA
¼ PAC þ PAA
¼ W:
dC dP¼0
dC dP¼0

