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ABSTRACT
This paper looks for evidence of an environmental Kuznets curve for water pollution in countries that share major rivers as their border. The data in this paper consist of a panel of 21 years and 30 countries, seven of which
are border countries. The turning point for the border countries is much lower than that for the other subset. A
t-test comparing group means for income and biochemical oxygen demand levels for both subsets finds no statistical difference for either variable, implying that countries sharing a river may be able to enforce environmental
regulations more effectively than countries not sharing a river.
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1. Introduction
This paper looks for an environmental Kuznet’s curve
(EKC) for water pollution for countries that share a river
as a border. The environmental Kuznet’s curve (EKC)
hypothesis claims that pollution problems may be reduced by economic growth. The relationship between pollution and economic growth is described as an inverted ushape. The income level at which pollution degradation
is maximized is known as the turning point. A number of
explanations for this empirical result have been introduced including increased demand for environmental quality
as income increases, and shifts in production from manufacturing to services.
Since initial work by Grossman and Kueger [1], many
EKCs studies have been published on a number of differrent pollution indicators and methodologies with mixed
results. Paudel, Zapata and Susanto [2] find evidence of
an EKC for water pollution in Louisiana watershed data.
Results from one-way fixed effects estimation showed
EKC relationships for nitrogen, phosphorus, and dissolved oxygen with turning points of $11,572, $8508, and
$9145. Lee, Chui, and Sun [3] do not find an EKC for
water pollution for 97 countries for the period of 19802001 in their EKC study on water pollution. The authors
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group countries into continental subgroups and find an
EKC in America and Europe with turning points of
$13,956 and $38,221. Granda, Perez, and Munoz [4] do
not find an EKC for BOD on a panel data set of 46 countries for the years 1980-2000.
Typically, the turning point in water EKC is lower
than that in air pollution [5]. In addition, water shortages
are a major concern in many developing countries around
the world. The underlying relationship between water pollution and economic growth is particularly important as
poor countries grow richer.
This paper looks at countries that share a river as a
common border. Shared rivers represent a common pool
problem; without clearly defined property rights and environmental regulations between the two countries, the
river divides may overuse this resource contributing to
water pollution. Pooled mean group (PMG) estimation is
used to estimate regressions on two subsets. One subset
consists of 7 groups of countries whose border is formed
by a major river. The other subset consists of other countries that do not have a major river forming a border with
another country.
In the presence of a common pool problem, we may
expect no EKC relationship between income and polluME

A. THOMPSON

tion in the border countries. Or, in the presence of an
EKC relationship, there exists a higher turning point for
the subset of countries whose border is formed by a major river (than for the other subset). Results indicate that
an EKC exists for both subsets. Contrary to the suggestion of the common pool problem, the turning point for
the border countries is much lower than for the other subset. A t-test comparing group means for income and biochemical oxygen demand levels for both subsets finds no
statistical difference between the two subsets for either
variable, implying that countries sharing a river are able
to achieve river environmental regulations much more effectively than that countries not sharing a river.

2. Data
The data for this paper consists of a panel of 30 countries.
Annual data runs from 1980 to 2000. The panel of 30
countries is divided into two subsections. The first subsection includes seven countries that share a river as a
border with a neighboring country. These countries and
the river lying on their border are listed in Table 1. Table 2 includes a list of other countries used in the study
that comprise the second subset.
The water pollution indicator is biochemical oxygen
demand (BOD). High BOD levels reduce oxygen contributing to death of aquatic life. BOD levels come from
Earth Trends1 (2010). This variable is measured in kilo

grams per day and includes only industrial runoff, not agricultural runoff.
I assume the BOD levels reported by EarthTrends
represent the actual pollution levels in the shared river. If
BOD data was available for both countries in the border
country subset, then BOD levels were averaged to represent the BOD level in the shared river. Income per capita
comes from Penn World Tables (2009) with a base year
of 2005. In the border country subset, the average of income per capita between the border countries was used in
estimation.
The following figures plot BOD against income per
capita. Country income per capita and BOD levels are
averaged across countries within each subset from 1980
to 2000. The natural logarithm of the average of income
per capita and BOD levels are depicted in the following
figures. The first figure includes the subset of border
countries and the second figure includes the subset of
other countries. It is not evident that an EKC is evident in
either subset. In the Figure 1, pollution levels do appear
to eventually decrease as income per capita increases
across countries over time. In Figure 2, there appears to
be an S-shaped curve. That is, pollution initially decreases with respect to increases in income per capita, then
increases as income per capita increases, before eventually decreasing again.

3. Method
Pooled mean group (PMG) estimation is used to estimate
EKCs on two datasets; Model 1 is a subset of 7 pairs of

Table 1. Border countries.
Border Countries
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Shared River

Botswana

South Africa

Limpopo

Ecuador

Colombia

Putumayo

Israel

Jordan

Jordan

Bulgaria

Romania

Danube

Finland

Sweden

Torne

France

Germany

Rhine

Germany

Poland

Oder

12.6
12.5
12.4
12.3
12.2
12.1
12
11.9
8.4

8.6

8.8

9

9.2

9.4

9.6

Figure 1. EKC in border countries.

Table 2. Other countries.
Austria

Iran

Potugal

12.6

Bolivia

Italy

Puerto Rico

12.55

Canada

Japan

Senegal

Chile

Kenya

Singapore

12.5
12.45

Ehiopia

South Korea

Spain

Hungary

Moocco

Turkey

India

Netherlands

Uruguay

Indonesia

Norway

12.4
12.35
8.4

8.6

8.8

9

9.2

9.4

9.6

9.8

1

Please note that at the time of submission EarthTrends is no longer
available.
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Figure 2. EKC in other countries.
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border countries and Model 2 includes other countries.
Pooled mean group (PMG) estimation is used to estimate
the EKC because Pesaran and Smith [6] show PMG estimates are consistent even in the presence of nonstationary variables. This dynamic panel estimation method is
particularly suitable for EKC studies because it takes into
account heterogeneity across countries.
The basic long run EKC relationship takes the form
(1)
BODi ,t =
γ 0i + γ 1iYi ,t + γ 2iYi ,2t + ε i ,t
where BODi ,t is biochemical oxygen demand measured
in kilograms per day, γ 0i is a country-specific intercept
i denotes country and t denotes year. The pollution indicator is regressed on income Yi ,t and its squared term
Yi ,2t . In the presence of an EKC, γ 1i > 0 and γ 2i < 0
resulting in an inverted u-shaped EKC. With panel series
spanning many years estimating Equation (1) could yield
a spurious relationship between BOD and income Y.
The following autoregressive distributive lag ARDL
model estimates short run EKC effects
∆BOD =
βi + β10iYi ,t + β11iYi ,t −1 + β 20iYU2i ,t + β 21iYU2i ,t −1
(2)
+ χ i BODi ,t −1 + ηit
where the change in BOD ΔBOD is regressed on income,
income squared, and lagged values of income, income
squared, and BOD.
Finally, PMG estimation combines Equation (1) and
Equation (2) in the following specification
∆=
BODD λi BODi ,t −1 − γ 0i − γ 1iYi ,t − γ 2iYi ,2t − β11i ∆Yi ,t −1

(

)

− β 21i ∆Y

2
i ,t −1

+ ηit
(3)

The statistically significant negative error correction (EC)
coefficients indicate a cointegrated relationship between
pollution and income in Model 1 and Model 2.
An EKC is found in both subsets. The turning point in
Model 1 is $3756 and for Model 2 $51,858. All the border countries in Model 1 have incomes higher than $3756
and none of the countries in the other subset have incomes above $51,858. The richest country in the Model 2
is Norway with income per capita of $34,000 in 2000.
In Model 2 it can be concluded that pollution is increasing in income. This is contrary to the common pool
hypothesis and may be simply due to the countries that
make up each subset. For example, Lee, Chiu, and Sun [3]
find an EKC for water pollution for European countries
and America, but not for Africa. They reason that the
African result may be due to low levels of pollution and
income compared to Europe and America.
To rule out the results as being data-driven, mean income per capita and BOD levels are calculated for each
subset and t-tests are used to see if there is any statistical
difference between incomes and pollution levels in the
subsets. Mean BOD and income for both subsets are in
Table 5.
Although mean income per capita and mean BOD is
higher in the non-border group, there does not appear to
be much difference. A t-test compares the means of BOD
levels between both groups with the null hypothesis H0:
BODNB − BODB = 0, where BODNB is the mean BOD
levels in the non-border country subset and BODB is the
mean BOD levels in the border country subset. A t-test
also compares mean income levels with the null hypothe-

where
 βi 
 β10i + β11i 
 β 20i + β 21i 
γ 0i =
=
=
 , γ 1i 
 , γ 2i 
,
 1 − χi 
 1 − χi 
 1 − χi 
λi =− (1 − χi ) .

Table 3. Maddala-Wu unit root test.

PMG estimation allows short run coefficients to vary
across countries but restricts long run coefficients to be
same across countries. PMG estimation has been recently
used in EKC studies [7,8]. All variables are in natural
logarithms.
The Maddala and Wu (MW) [9] panel unit root test is
used on the data because this panel unit root test does not
require a balanced dataset. Income per capita is missing
for the Czech Republic for four years making the panel
unbalanced. The MW test has a null hypothesis of no
panel unit root. Results from the MW tests are in Table 3.
Stationary results are mixed. Income appears to have a
unit root in Model 1, and BOD levels appear have a unit
root in Model 2.

Level

BOD

Y

BOD

Y

Χ2

8.35

23.19

77.38

32.78

P-value

0.87

0.06

0.003

0.93

Model 2

Table 4. PMG long run results.
Variable

Model 1
***

Model 2

Y

5.35
(1.08)

2.44***
(0.27)

Y2

−0.32***
(0.07)

−0.11***
(0.01)

Error Correction

−0.22**
(0.11)

−0.24***
(0.04)

$3756

$51,878

Turning Point
*
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Model1

MW test

4. Results
Long run estimates from PMG estimation are in Table 4.

Unit Root
Test

10% statistical significance,
significance.

**

5% statistical significance,

***

1% statistical
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Table 5. Two-sample t-test with equal variances.
Model

Observations

Mean of Y

H0: YNB − YB = 0

Mean of BOD

H0: BODNB − BODB = 0

Model 1

147

9197.80
(495.73)

0.33

224709.4
(17558.51)

0.82

Model 2

483

9358.11
(349.98)

sis H0: YNB − YB = 0 where YNB is income per capita in
non-border countries and YB is income per capita in the
border countries. Results of the t-tests confirm that we
cannot reject the null hypothesis of no statistical difference between BOD and income levels between groups.
Governments of countries that share a river may be able
to more successfully enforce environmental regulation.

258465.3
(18239.3)
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5. Conclusions
This paper estimates an EKC for water pollution for
countries that share a river as a border. This result is
compared to an EKC regression for a subset of countries
that do not share a river. Results indicate existence of an
EKC for both subsets with a lower turning point for border countries than that for non-border countries. Group
mean t-tests for income and BOD levels confirm that
there is no statistical difference between the two subsets.
Governments of countries that share a river are more
successful at enforcing environmental regulation. Although this result is contrary to the common pool hypothesis, one possible reason may be politics. In countries
with internal rivers, environmental lobbying may have
more effective competition from industrial lobbyists. However, when a river is shared between two countries, environmental lobbyists may have an easier time gathering
popular support for their agenda. Citizens evidently tolerate a dirtier river if it means increased employment in
their country, but they are less likely to tolerate a dirty river from pollution due to the country across the river.
This lobbying or political effect posits an interesting question which is left for future studies.
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