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ABSTRACT

The temporal evolution of pH values in precipitation over Europe during the period
1986-1997 is examined using panel data. The use of panel data techniques alfows us to
determine the temporal evolution of groups of stations rather than analysing the ternporal
behavior of each of them. The analysis reveals three different temporal patterns:
Peripheral, Central and French. We find a significant increasing trend (p < 0.00001) in
both Peripheral and Central Patterns. The annual increases are +0 057 pH-units yr' and
+0.022 pH-units yr' respectively. However the French Pattern is characterized by a
significant decreasing trend (p < 6.004) and the annual decrease is -0.022 pH-units yr’

The standard errors of panel data estimates are around 47% smailer than those of
classical pooling and 32% smaller than aggregate time series regressien. The use of panel
data produces higher R? values than classical pooling and aggregate data. This technique
takes into account the individual heterogeneity, allows a larger number of data points and
improves the efficiency of the estimates. In general, the policies of governments to
reduce pollutant emissions seem to be effective.
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INTRODUCTION

In the last 20 years, wet deposition of suiphur has decreased g Eﬁr’dpe

and the sites were indep

than applying least squares to each site separately. In many eases, it is necessary to
summarize individual relationships and make inferences about certain population
parameters. To achieve this objetive it is common to caleulate the mean values over the
slopes for different sites (Hedin et al., 1994; Puxbaum et al,, 1998); the median values
of the slopes (Leck and Rodhe, 1989) or the mean value of concentrations over different
sites (Buishand et al., 1988; Rodhe and Granat, 1984, Rua et al., 19993, In the latter
case, the variability of the observations across all stations is lost. Alternatively, the panel
data technique provides a method to obtain a single model which describes the entire
group of individuals.
DATA

The data used in this analysis were obtained from the Eurapean Monitoring and
Evaluation Programme (EMEP) network. The chosen stations can be seen in Figure I,
Al stations are remote and they belong to the EMEP network. In order to obiain the
optimum number of stations, the analysis includes alf available stations which provide at
least 80% of the records for the period 1986-1997.

The EMEP stations have the following characteristics:
- They are located in rural areas.
- They are away from urban areas.
- They are located at least 40 kms away from industrial sources of pollutants.
- They are not situated in valieys, nor on mountain peaks,
- The setting of the station is not under strong winds.

The data that we analyze comrespond to the annual average of the daily chemical
analysis of the pH in precipitation from 1986 to 1997, In addition to the data from
screening procedures employed by the individual couniries, the Chemical Co-ordinating

Centre has its own program for checking data quality and completeness (EMEP/CCC-



Note. 2/94, 1994). The details of the network and the analytica] prg
Nodap et al. (1985).

METHODOLOGY

o heprmmpal i 1’\:’-6 of this paper is to determine the different teiﬁpoﬁ

1086 16:1997. Fo achieve this, we apply pane! dat:i:téc::i'l_h'idﬁes.

These té‘éhﬁiques-_.allow He estimation’ of different temporal paitems for the pH.: Each

t=1, T
where i denotes the cross-section dimension, whereas { denotes the time-series
. .
dimension, o is & scalar, B is kx1 vector of constants to be estimated, B’ is the transpose

of B, Xy = (X1it »-o» Xit) 15 @ Ixk vector of observations on the independent variables and

¥ is the obsérvation of the dépéndent variable for individual i at time t. The értot térm 3

all individuals

o

Ve =a+fx, +u,, i=1.. N 2
t=1,.,T
by A generalization of (1): slope coefficients are constant, and the intercepts vary over
individuals and time
Yo =8, +ﬁ"x,, +u,,i=1,.. N (3)
t=1,.,T
¢} A generalization of (3): all coefficients vary over individuals
Vo= +Bx, tuy,, i=1,,N )
t=1,.,T
d) A gencralization of (4): all coefficients vary over time and individuals
Vo =0+ X, v, i=1,.,N (3)
t=1,.,T.

To select the appropriate model the researcher must first analyse whether the
coefficients for each individual site are equal or not, Then first, we test the homogeneity
of regression stope coefficients and the intercepts simultaneously. The hypothesis of
coramon slope and intercepts can be viewed as the unrestricted equation mode! {4)
subject to (K+1) (N-1) tinear restrictions:

Hor:cj=0z=...=0ny

Br=p=..=Bu

Ha1: not all intercepts are equal

not all slopes are equal

Second, we test the homogeneity of regression slope coefficients. The hypothesis of
heterogencous intercepts but homogeneous slopes can be viewed as an unrestricted

equation model (4) subject to (N-1)K linear restrictions:



Hep: Br=Po=...=Pu

Ha: not ali slopes are equal

- Fitially, We fest whether or not the regression intercepts are the same. When Ho is

acééﬁte.csi,' ne E’an. also apply a conditional test for homogeneous intercepfs;_ 5

o dxstrlbuted veriand twith mean zera and variance oy F tests can be used to test the

. restriéfions Pos‘ru.].'ated by moc_I_ef_s (Land (2 TheF s_ta:tt}.s_t.;c _1s_tl}é"r?..tio of two terms: the
numerator is the. diffe;en(.:e betwéén the .un.l.'estrict.ed.. résidual'surﬁ of squares and the
restricted residual sum of squares, divided by the number of restrictions under test; the
denominator is the unrestricted residual sum of squares, divided by the number of
degrees of freedom of its equation. The different F statistics and the estimators for each

of the models are presented in Hsiao (1986).

. -"'Hér;“,e-_foéué: .oh 'l;lodel (1), ihe fixed effects model, which can be conéis'tehtly

est'iﬁ:eited'by ordinary least squares in the absence of correlation between:the o and the

sites. Inference, in this case, is conditional on he

{Baltagi,1995).

RESULTS

It is interesting to note that this paper locks for a single mode] that represents the pH
evolution for a group of stations.

To achieve this purpose we study whether we can use a unique model of pH
evolution for all the European EMEP stations. The existence of a sole model would
imply accepting the Hy;, Hyy and H,; homogeneity hypotheses.

The empirical results give F statistics having a p-value of 0.00001 for each test,
consequently the homogeneity hypothesis was rejected. The results suggest that the pH
evolation in Europe can not be described with a single model. Therefore the EMEP
stations ate divided into groups, that were put together using cluster analysis (Gimeno et
al, 1997; Ria et al., 1999), The cluster analysis pave three station groups having a
different pH evolution. These thres groups characterize three patterns. Panel data
techniques are used within each of the three patierns.

In the previous section we presented the following panel data models:

Model (1): constant slope coefficents and intercepts that vaty over the stations,
Model (3): constant slope coefficents and intercepts that vary over stations and time,
Model (4): all coefficients vary over stations,

Model (5): all coefficients vary over stations and time,

In order to select the appropriate model we test the homogeneity of the regression
parameters. First, we analyze whether or not slopes and intercepts are homogeneous
across stations and time. This is H,; from the previous section. The F statistic has a p-
value of 0.00001 for each of the three pattemns so it is not appropriate to assume that

slopes and intercepts are simultaneously homogeneous.




The second step is to analyse whether the regression 31}}-;,--_ are the s";_l:_!.'!_l.e- This is He2.
This hypothesis is not rejected, with p-values of 0.62, 0.8%. a;ﬁd..()._.é_é.'res.;.;;c.:tively, for the
three patterns, so we assume that the regression slopes are the sam;'e:f(_)'_]:_ééch pattern.

The final step is to test whether or not the regression intercepts are the: same. This is
He. The null hypothesis is rejected with a p-value of 0.00001 for each of the three
patterns. So, it is inappropriate to treat all regression intercepts as equal.

The tests suggest that Model (1) is preferred. We estimate Model (1) using the fixed
effects technique where o are treated as fixed parameters. In that way we deal with the
heterogeneily across stations through the use of station specific effects ;.

Table 1 summarizes these results: the existence of three different temporal paiterns,

named Peripheral, Central and French Pattern in this paper, for the evolution of the pH,

the number Of sites ':.(N):, thenumber of data points, the significance level for the

i é'_ﬁx"ed’éf.‘fe'c.ié_ model, the}.r significance levels, the

: FlgurcSZShowsthe gé;)'gf.aé.h.iml situation of the stations in each pattern, The results
: f.c')r: t.he .different patterns are as follows:

Pattern 1: Peripheral shows an increasing trend, significant at 0.00001 _leyn_a”]._: '_1_“his
pattern presenis the largest annual change of pH with a value of +0057pH—umts _yr'!

and is located in Spain, central Pertugal, Hungary, Yugoslavia, eastérn '-SWétIEn;_ and

Anstria and northern Russia.
Pattern 2: Central reveals an increasing trend, significart:at
pattern shows an annual change of +0.022 pH-units yr'’: Thi

pattern in Europe located in central Austria, the Czech:K

Finland, Norway, central and southern Swadeq,._?gj_lai;d

United Kingdom, Switzerland end Russia.

i
T

Pattern 3: French exhibits a decreasing trend, significant at 0.004 level. It presents an
annual change of -0.022 pH-units yr'. This pattern is located in France, Ireland and
central Italy,

Alfter that, we compare the results with those of classical pooling and aggregate time
series regression for each temporal pattern. Table 2 shows the number of stations (N,
the number of data points, the estimates obtained for the classical pooling regression
analysis, their significance level, the t statistics and the R®,

The differences are as follows: the precision of the slope coefficients, in the fixed
effects model is better than in the classical pooling. In fact, the standard error of the
slope for the Peripheral Pattern is 53% smaller than in the classical pooling. For Central
and French Patterns it is respectively 62% and 25% smaller than in the classical pooling.
This causes the difference in significance levels in the three patterns. These differences
are also reflected in the t statistics. The t statistics in the fixed effects model are around

twice as much as in the classical pooling, A great difference of R? values between this
mode! and the fixed effects model can be appreciated. The R? is 0.10 for the three
patterns, while in the fixed effects modef the R® is between ©.50 and 0.88. TFhis is
because the fixed effects model takes into account the heterogeneity across stations,
while the classical pooling does not.

Table 3 shows the number of stations (N), the number of data points, the estimates
for the aggregate time serics regression analysis, their significance level, the t sfatistics
and the R? of the aggregate time series model.

This model assumes that the hypothesis of overafl homogeneity Hy) is accepted. The
differences in the slope coefficients between this model and the fixed effects model are
due to the neglected heterogeneity across stations. However, in this study the Hg

hypothesis was rejected. So, the regression parameters obtained with the aggrepate




model will be biased and ignoring such parameter heterogeneity can lead to inconsistent
and meaningless estimates of the parameters of interest (Hsiao, 1986).

It can be observed that the standard error of the fixed effects model is always smafler
than in the aggregate time series. In Peripheral Pattern the standard error is 36% smaller
than in the aggregate time series. In Central and French Patterns it is 40% and 19%
smaller respectively than in the aggregate time series. So the fixed effects model
estimates more efficiently the slope coefficients. Although the significance level

. obtained. for the Central Pattetn is similar, a difference can be appreciated between

: : Penpheraand _énch- Pal_‘tems. The major difference is found in the French Pattern.

5 aggregate modef in the Pc;rlphcral Pattern. This percentage is 4% for the Central Pattern
. and 40% for French Pattern. This is because the fixed effects model uses more data
points than the aggregate time series model (around ten times more) and takes info
account the heterogeneity, . i

The SO, and NO, emissions are analysed next to explam the dlfferent patierns

obtained in Europe. SO; and NO; are the most important contan:unan : producmg a high

increase of acidity in precipitations (EEA, 1998). For.t_hl ana[ys:s of the

inventories of SO, and NO; emissions has been perfo;rgiéd._fbr ¢ years 1993 and 1997

(EMEP, 1999) in Europe.

T

The difference between the emissions in 1993 and 1997 for SO, and NO; is given in
figures 3 and 4 for each pollutant. The dimensions of the cell in both figures are 150 Km
x 150 Km. These diagrams illustrate the fact that the most important reductions are
located in central and northern Europe. However, similar reductions are not detected in
France. In fact, an increasing emission of S0O; and NO, appeared in the west and a
decreasing one in the cast of France, althouph the decrease is smaller than in the
countries in central and easten Furope.

The behaviour of SO, and NO, emissions along with the decreasing evolution of the
pH in France, that is different from the rest of Europe where the pH evolution is larger,
suggests that the pH in France is basically influenced by local sources, the long-range
transport having 2 minor influence. It would be interesting to evaluate the influence of
long-range transport in France possibly through trajectory analysis, when the data are
available.

CONCLUSIONS

The temporal patterns of the evolution of pH in Europe have been investigated during
the period 1986-1997 using cluster analysis and panel data techniques, The conclusions
are as follows:

- Pane] data techniques allow us to take info account the variability and heterogeneity of
the data. It enables models to be created describing the characteristics of a group of
sites. The models use data from each site without aggregation and increase the number
of observations to estimate the parameters of the model.

- The models have smaller standard errors than those with aggregate data. So these
estimates are more accUsate and have higher significance levels than those of previous

studies.




- Three different patterns of temporal evolution for the pH were found using the fixed
effects model. In general central and northern Europe are characterised by an increasing
trend. This trend is even steeper in southern Europe. However the sites located in
France, central Italy and Treland show & significant decreasing trend. These results are in
agreement with the variation of 80; and NO, emissions for Europe. In general, the
policies of governments to reduce pollutant emissions in Europe seem to be effective.
However, this paper indicates the need of continuing with further analysis of these
emissions, due to the fact that emissions are different from one country to another and
these differences affect pH levels.

- Panel data techniques can further our understanding of the major trends of acid

precipitation,
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Figure 1 Geographical location of measuring sites in Europe
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Figure 2 Geographical situation of stations in each pattern for the pH
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Figure 3 Difference 1997-1993 of 50, emission inventories {1000 Tonnes)
Figure 4 Difference 1997-1993 of NO; emission invemntories {1600 Tonnes)
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Table 1 Statistics for the three patterns. Fixed effects approach

Table 2 Statistics for the three patterns. Classical pooling

Pattemn  Mumber Number Hay Haz
of of data

Hes '~ Slope  rstatistic R’
sig. level  of slope

stations points (std. exror)
' )
Peripheral 11 120 0.00001 062 0.0000F  +0.057 0.00001 6.48 0.83
(0.0089)
Central 42 455 0.00001 096 0.00001  +0.022 0.00001 11.89 .88
{0.0018)
French 9 90 0.05001 ©0.89 0.00001 -0.022 0.004 -3.02 0.5

(0.0073)

Pattern  Number  Number A A Slope 1 statistic R?
of of « Sig. level  of slope
stations  data poings (5t ermor) - (sed. ervor)
Ny
Peripheral 11 120 4.83 +0.059 0.002 31 0.10
(0.14) (0.019)
Central 42 455 4.59 +0.921 0.00001 4.47 0.10
(0.03) (0.0048)
French 9 90 5.16 -0.015 0.1 -1.65 0.10

(0.07) 0.0098)




Table 3 Statistics for the three patterns. Aggregaie time series regression model

Pattern  Number  Number A é\ Slope t statistic R®
af of * sig, level  of sfope
stations  data points (std. emror) {std emor)

)]
Peripheral 11 12 480 0064 0.001 468 068
(0.10) (0.014)
Central 42 12 4.60 40020 0.00001 807 0.4
082)  (0.0030)
French 9 12 5.11 -0.001 031 Q06 010

(0.96) {0.009)




