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Use of Seemingly Unrelated Parametric and Semiparametric Panel Modelsin the
Environmental Kuznets Curve Estimation

We estimated the environmental Kuznets curve for point (mercury) and nonpoint (nitrogen,
phosphorus, and dissolved oxygen) source water pollutants as a function of income in parametric
and semiparametric functional forms of the Panel data model. Seemingly unrelated panel
formulation did not provide gain in efficiency over the single equation panel data model.



Use of Seemingly Unrelated Parametric and Semiparametric Panel Modelsin the
Environmental Kuznets Curve Estimation

There have been numerous theoretical and empirical studies of an income-pollution
relationship, which is usualy referred to as the EKC. The hypothesis underlying the EKC is that
the level of environmental degradation will increase as per capita income increases up to a
threshold. Beyond this income threshold, or the turning point, it is assumed that further growth
in income would be beneficia to the environment. Hence, the EKC curve is assumed to take an
inverted U-shape.

It has been the general tendency to estimate each pollutionincome equation separately in
the EKC framework to find the income turning point while it is known that several of these
pollutants are inherently related to each other. For example, nitrogen and phophorus pollutant
primarily come from agriculture sources in most of the water bodies. Y et, when estimating EKC
model for these two pollutants, researchers tend to estimate them as if the error terms in between
these two equations are uncorrelated. We want to compare the results from single equation
parametric panel model to those of the parametric seemingly unrelated regression fixed effects
model. An additional issue of econometric interest in this and other applications of panel data
analysis is model specification. The true model is never known, thus, plausible aternative
specifications should be tested in empirical work. The results from the SUR parametric analysis
will be compared to semiparametric seemingly unrelated regression models to see if efficiency of
the parameter estimated as well as forecasting ability of the model can be improved in latter
specification.

The paper proceeds as follows. The next section briefly reviews recent works on the

estimation of the environmental Kuznets curve. Subsequently, the econometric methodology is



presented along with a description of the data. The results section emphasizes findings with the

parametric specification of a panel data fixed effects model and argues why a seemingly

unrelated approach may be reasonable; this discussion is expanded to pave the way to the

econometric analysis of a semiparametric seemingly unrelated regression model. The last section

of the paper outlines future research opportunities with these emerging semiparametric methods.

The paper isrich in citations on recent and forthcoming literature.
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degradation. square were the right
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water migration,
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The authorsinclude
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Laszlo, M; The Kuznets In this paper The model It is shown that there
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the equity and
efficiency of
stringent vehicle
emissions testing
or vehicle scrap

page programs.

engine type, and
owner income

Kahn, M. Micro Itisimportant to The model used Richer peoplein
Evidence on quantify how assumesalog-linear | Californiapollute less
Public the vehicle pollution relationship among than poor people at
Economics Environmental varies with vehicle's emissions least than richer
Papers (1995) Kuznets Curve | individual income in Californiaand car people drive alot of
when considering model, year, mileage, miles.

Itisobviousthat if
richer people are
polluting more the
environment in
California, then
public policy should
target the wealthy
people because they
have the resources to
pay for better
environment
conditions.

Data and M ethods

Environmental Kuznets curve models have been estimated either in quadratic or in cubic

specifications between pollutant concentration and per capitaincome. We adopt both of these

specifications in our analysis. The general form of the panel data model used to describe the

relationship between pollution and income in this study is given in equation (1).

P=a+d by +b, W +b,,D +u, ®

k=1
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Here, p isawater pollutant (nitrogen, phosphorus or dissolved oxygen), y is per capitaincome, i
and t represent indices of parish and time, respectively. Population density (persons per square
mile) is accounted by D, and W represents a weighted income variable used to represent the
spillover effect of pollution. For example, equation 1 has been traditionally estimated for each
pollutant although a clear correlation seems to exist between error termsin different pollutant
equation. We incorporate this fact in this paper.

A set of M equations each describing pollutant j (N, P, DO, Mercury) can be shown in
SUR Panel mode! as follow:
P =2d, +u, i =1, M
U = Z,m +V,

Here v; are random vectors with zero mean and § VA |« Variance. Each error component

follows the SUR assumptions imposed on classical disturbances.

Because the cross-section represents individual states (which are fixed in a sample size
context) and t represents the time series, a reasonable approximation to estimate the above model
is the fixed effects model whereby the individua states have their intercept vaue (this model is
typically known as a dummy variable model). Empirically, it is possible that a pooled regression
model (estimating an OLS model on the entire sample) works as well if the fixed effects are not
significant. Therefore, Hausman test is used to test whether FE are significant. Because
environmental regulations and quality standards for collecting environmental data may be similar
from state to state, if may be possible to improve on single equation estimates of the FE panel
data model via a seemingly unrelated regression model for various pollutants. A Lagrange
Multiplier (LM) test for diagonal residual covariance matrix for pairs of equations (N,M), (P,M)

and (DO,M) can be carried out (Greene, p.621). The LM test is distributed Chi-squared with
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M(M-1)/2 degrees of freedom; since there are two equations in each system, the degrees of
freedom equals 1 in this application. If the null hypothesis of zero covariance is rejected, then
SUR estimation of the fixed effects model is appropriate.

The true model specification is never known. Therefore, alternative model specifications
should be considered in practice. Recent contributions on semiparametric modeling of the
environmental Kuznets curve hypothesis (Paudel et al. 2005; Millimet et al. 2003) suggest the
specification of a semiparametric partial linear regression (PLR) model such asthat in Engel et
al. (1986) and Robinson (1988). The model is flexible in capturing nontlinearities between
environmental quality and per capita income, and it minimizes the tradeoff between variance and
bias (Hardle, 1990). Consistent with preliminary parametric diagnostics, the panel data model is
specified as afixed effects error-components model (also referred to as a dummy variable

model), which can be rewritten as:

Pe= Vi HXbtg(Y)+ Z, ()

Here, Xi; isaset of parametric variables of state characteristics such as population density and
weighted income, vi measures individual (state) effects, g(Yit) is an unk nown, assumed to be
relatively smooth, function of powers of income (the smoothing variables) and is assumed that
a(Yi)=E(i/Yit), E(Zi/Yit)=0, and variance V (Z/Yi1)=s *(Yi), and (pit, Yit) arei.i.d. The
nonparametric estimate of g(Yit) is the smoothed average of the p;: which correspond to the Yi;
valuesin asmal interval of Y with interval width (window) h, and h tends to zero as NT goes to
infinity (e.g., Hardle, 1990; Ullah and Roy, 1998; and Y atchew,2003). The degree of

smoothness, often called the smoothness parameter, controls the tradeoff between smoothness



and goodness of fit. For this study, the smoothness parameter was chosen by minimizing the
generalized cross-validation (GCV) function (Y atchew, 2003), and plots of the GCV function
were obtained to ascertain that this function achieved a minimum for the data at hand.

The question of how to best test the parametric model in equation (1) versus the
semiparametric specification in equation (2) has been the subject of much recent research (e.g.,
Ullah and Roy, 1998). We use Hong and White' s test for the purpose. We used disaggregated
nature of the data on nitrogen, phosphorus (primarily nonpoint source), and mercury (primarily
point source) concentration in water from each watershed collected by the Louisiana Department
of Environmental Quality. The pooled data consisted of observations from 1985 to 1999 for 53

parishes in Louisiana.

Results

Three parametric models were estimated: the pooled OLS, a fixed effects model, and a
SUR of the dummy variable version of the fixed effects. The results are presented in Table 1.
The first column in table 1 corresponds to the dependent variable (nitrogen, phosphorus,
dissolved oxygen, and mercury) often used in the estimation of the EKC. The independent
variables for the first three pollutants (nitrogen, phosphorus and dissolved oxygen) are the same.
The specification of the mercury model, however, differs from the others by the inclusion of the
permit variable instead of cropland acreage. Therefore, bivariate SURE models for the FE
dummy variable model are estimated for nitrogen and mercury, phosphorus and mercury, and
dissolved oxygen and mercury. For example, the nitrogen block in table 1 provides estimates for
single equation pooled OLS (labeled OLS), fixed effects (FE) and SURE between nitrogen and

mercury for nitrogen; the mercury equation estimates from the above bivariate SURE are provide
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in the SURE(N) line of the mercury block in table 1. The income effects are shown in columns
3-5, the weight ed income effect in column 6, and the crop acreage for the nitrogen, phosphorus
and dissolved oxygen equations or the permit variable for the mercury equation in column 7.
Some goodness of fit statistics (R-squared and F-tests for model significance are shown in
columns 8 and 9). The last column in table 1 is a Hausman specification tests for fixed effects,
and the lower left-indented portion of this column is the LM statistics. The resultsin table 1
highlight the following main findings. Low R-squares are associated with the pooled least
squares estimates for al pollutants, suggesting a lack of fit. The Hausman test values in the last
column of table 1 indicate that fixed effects are significant and offer an improvement over the
pooled the model. Note that al R-squares are significantly higher for the FE models, in fact these
are the highest of models. SURE estimates of the dummy variable FE model do not seem to
improve the mode fit (R-squares are lower than those of the non SURE FE but much higher
than those of the OLYS). Therefore, the tentative specification that seems to work best is that of
the FE panel data model.

Recent work with panel data (Ullah and Roy) suggests that model misspecification can
lead to inconsistent and inefficient estimates and suboptimal test statistics. It is argued that
nonparametric and semiparametric estimation procedures of the fixed effects model could be
more robust to misspecification. The contribution of this empirical study is to test whether a
single equation semiparametric specification of the FE modédl is consistent with the data (relative
to the parametric FE mode!). In turn, it is also tested whether efficiency gains can be achieved
through seemingly unrelated regression estimation, similar to gains in the parametric counterpart
(Greene). Table 2 reports the results of the semiparametric estimation of the kuznets curve.

Columns 2 and 3 report the Hong-White test statistics and its p- value for single equation FE
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model estimates for nitrogen, phosphorus, dissolved oxygen and mercury. The null modél,
therefore, is the parametric fixed effects model and the alternative model is the semiparametric
FE moddl. In all cases, the null hypothesis of a parametric FE model is strongly rejected.
Columns 4 and 5 in table 2 contain the Langrange Multiplier tests statistic for testing the null
hypothesis of a diagonal covariance matrix from the residuals of the single-equation
semiparametric estimates for nitrogen and mercury (N,M), phosphorus and mercury (P,M), and
dissolved oxygen and mercury (DO,M). Similar to the parametric results, the hypothesis of zero

correlation between equation residuals is not rejected.

Conclusions and Future Work

This study reports a parametric and semiparametric evaluation of the environmental
Kuznets curve using annual data (1985-2000) for 53 parishes in Louisiana. The following
conclusions are derived. First, similar to other works, the parametric fixed effects model isa
more adequate specification of the pollution-income relationship for Louisiana. Second,
estimation efficiency gains through SUR estimation do not appear to be signification for the data
at hand with a FE specification. Third, single-equation semiparametric estimates of the EKC
works well for all four pollutants: nitrogen, phosphorus, dissolved oxygen and mercury. Lastly,
no estimation efficiency gains can be achieved by estimating the EKC as a semiparametric
seemingly unrelated regression specification. Work in progress studies the time series properties
of the EKC data using panel data procedures and will reassess the validity of SUR findingsin a

more general model specification.
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Table 1.

OLS, Fixed Effects and SURE Estimates and Specification Tests, Environmental Kuznets Curve,
Louisiana 1985-2000.

Equation Method Income | Income2 | Income3 | Weighted | Crop R2 |F H-Test
Income Acreage/point p- (p-
sources value | value)
Nitrogen OLS -0.84 0.0994 -0.0038 -0.000009 | 2.758e-7 0.01 | 0.03
(0.0584) | (0.0023) | (8.1e-6) (1.319e-7)
(0.5495)
FE -0.7940 | 0.0943 -0.0035 -0.000008 | 5.9e-7 0.51 13.31
(0.4923) | (0.0569) | (0.0021) | (8.1e-6) (2.27e-7) (0.0001)
SURE -0.7936 | 0.0942 -0.0035 -0.00002 | 5.9e-7 0.37
(0.4923) | (0.0569) | (0.0021) | (8.1e-6) (2.2e-7)
Phosphorus | OLS -0.2495 | 0.0288 -0.0011 -0.000007 | 1.8063e-7 0.02 | 0.001
(0.1930) | (0.0228) | (0.00087) | (0.000003) | (5.143e-8)
FE -0.1613 | 0.0212 -0.0008 1.447e-6 | 4.073e-8 0.65 23.34
(0.1635) | (0.0189) | (0.0007) | (2.695e-6) | (7.537e-8) (0.0001)
SURE -0.1611 | 0.0212 -0.0008 1441e-6 | 3.943e-8 0.50
(0.1635) | (0.0189) | (0.0007) | (2.695e-6) | (7.535e-8
Dis. OLS -8.0909 | 0.8723 -0.0298 -0.00002 | 9.752e-7 0.05 | 0.0001
Oxygen
(2.1054) | (0.2483) | (0.0096) | (0.00003) | (5.61e-7)
FE -3.5960 | 0.3813 -0.0128 4.266e-6 | 1.011e-6 0.74 34.18
(1.5658) | (0.1810) | (0.0068) | (0.000026) | (7.218e-7) (0.0001)
SURE -3.5946 | 0.3812 -0.0128 4.205e-6 | 9.995e-7 0.60
(1.5946) | (0.1810) | (0.0068) | (0.000026) | (7.217e-7)
Mercury OLS 04134 |-0.0469 |0.00173 | 0.000005 | -0.00094 0.04 | 0.68
(0.4764) | (0.0562) | (0.00216) | (0.000007) | (0.00084)
FE 0.0676 |-0.0087 | 0.0004 0.000015 | -0.0004 0.12 1.67
(0.6327) | (0.0731) | (0.0027) | (0.00001) | (0.00001) (0.0029)
SURE(N) | 0.0681 |-0.0087 | 0.0004 0.000015 | -0.0004 0.37
(0.6327) | (0.0731) | (0.0027) | (0.00001) | (0.0009)
SURE(P) 0.0687 | -0.0088 | 0.0004 0.000015 | -0.0004 0.50
(0.6327) | (0.0731) | (0.0027) | (0.00001) | (0.0009)
SURE(DO) | 0.0653 | -0.0084 | 0.00039 | 0.00015 -0.00034 0.60
(0.6327) | (0.0731) | (0.0027) | (0.00001) | (0.0009)

17



Table 2.

Specification Tests of Parametric Fixed Effects (FE) versus Semiparametric FE, Environmental
Kuznets Curve, Louisiana, 1985-2000.

Equation Hong-White Test Semiparametric Test for SUR
Statistic p-value Statistic p-value
Nitrogen 100.827 <0.000 0.2693 (N,M) 0.40
Phosphorus 128.699 <0.000 0.2868 (P,M) 0.41
Disolved Oxygen | 147.05 <0.000 0.2947 (DO,M) | 0.41
Mercury 21.540 <0.000
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