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UN ECE INTERNATIONAL CO-OPERATIVE PROGRAMME ON EFFECTS ON
MATERIALS, INCLUDING HISTORIC AND CULTURAL MONUMENTS

ENVIRONMENTAL DATA REPORT - SEPTEMBER 1989 TO AUGUST 1990

1 INTRODUCTION

Airborne acidifying pollutants are known to be one major cause
of corrosion of different materials including the extensive
damage that has been observed on historic and cultural monu-
ments. In order to fill some important gaps of knowledge in
this field the executive Body for the Convention on Long-range
Transboundary Air Pollution decided to launch an international
co-operative programme within the United Nations Economic Com-
mission for Europe (UN ECE). The programme started in September
1987 and involves exposure at 39 test sites in 11 European

countries and in the United States and Canada.

The aim of the programme is to perform a quantitative eva-
luation of the effect of sulphur pollutants in combination with
NO
atmospheric corrosion of important materials. For this purpose

« ~and other pollutants as well as climatic parameters on the
measurements of gaseous pollutants, precipitation and climate
parameters have been initiated at or nearby each test site,
together with evaluation of corrosion of the exposed test mate-

rials at each site.

A Task Force is organizing the programme with Sweden as lead
country and the Swedish Corrosion Institute serving as the Main
Research Centre. Sub-centres in different countries have been
appointed, each responsible for their own materials group. The

materials groups are:

Structural metals, including steel, weathering steel, zinc and
aluminium (Sub-centre responsible for evaluation: National

Research Institute for Protection of Materials, Prague, Czecho-



slovakia), copper and cast bronze (Bayerisches Landesamt fir

Denkmalpflege, Munich, Germany).

Stone materials, including Portland limestone and White Mans-
field dolomitic sandstone (Building Research Establishment,

Department of Environment, Watford, United Kingdom).

Paint coatings, including coil coated steel with alkyd mela-
mine, steel with silicon alkyd paint, wood with alkyd paint
system and wood with primer and acrylate (Norwegian Institute

for Air Research, Lillestrem, Norway).

Electric contact materials, including nickel, copper, silver
and tin as coupons; Eurocard connectors of different perfor-
mance classes (Swedish Corrosion Institute and Royal Institute

of Technology, Stockholm, Sweden).

Environmental data storing, reporting and evaluation are the
responsibility of the Norwegian Institute for Air Research. The
aim of this report is to present all environmental data avail-
able from the third year of exposure, September 1989 to August
1989.

The yearly values for all test-sites for all three years are
included in this report. To illustrate the quality of the data
reported a statistical treatment of the daily gas measurement

is performed.

2 THE MEASURING PROGRAMME

The measuring programme includes a normal programme and an

extended programme.



The measuring programme.

Components to be measured

Normal Gas S0,, NOy

programme Precipitation mm, pH, S04-S, NO3-N, C17, conductivity
Climate Temperature, relative humidity, time

of wetness (TOW) and sunshine hours

Extended Gas 03
programme Precipitation NHy-N, Na, Ca, Mg, K

The data are to be reported to the environmental sub-centre as
daily, weekly or monthly mean values, except for TOW, sunshine
hours and mm precipitation which are reported as the sum of the
daily values. The data will be presented as monthly and yearly

values.

3 DATA FROM THE MONITORING TEST SITES

The data are sent to the environmental sub-centre on special
reporting forms. Some sites have given the results in ASCII
files on diskette.

All data presented by the environmental sub-centre, as in this
report, are given with the same accuracy as in the filled-in
reporting forms. For data series which include values "below
the detection limit", these are, by convention, replaced with
one half of the reported detection limits when calculating the

mean values.

The monthly mean values are calculated from the daily or weekly
values or used directly if monthly values are the only repor-
ted. Information about the data sets used for calculation of

the mean values reported in this report is given by letter code

D = daily records
W = weekly records
M = monthly records.



Information about the original measuring system for each test

site is given the report "Description of test sites".

4 MONTHLY MEAN CONCENTRATIONS

The monthly and yearly values are given in the following
tables. The data have been subjected to the following restric-
tions and classifications:

4.1 GASES, TEMPERATURES AND RELATIVE HUMIDITY

- For monthly mean values calculated from daily measurements,
the percentage of data used in the calculations is 1listed
together with mean values.

- A monthly mean value with more than 75% data for a given
component is accepted without any remarks.

- A nmnmonthly mean value for a component with between 50% and
75% of available data has been marked with an asterisk.

- A monthly mean value with less than 50% data is reported
with an (X). Monthly values with less than 50% of the data
included in the calculations are not recommended used for

statistical dose-response treatment.

4.2 PRECTPTTATION COMPONENTS

- For monthly mean values calculated from daily or weekly rain
results, the percentages of the total amount of rain used in
the calculations are listed together with the mean values.

- A monthly mean value for a component with more than 75% of
the amount of rain used in the calculations is accepted
without any remarks.

- A monthly mean value for a component with between 50% and
75% of the amount of rain used in the calculations has been
marked with an asterisk.

- A monthly mean value with less than 50% of the amount of

rain used in the calculations 1is reported with an (X).



Monthly values with less than 50% of the total rain included
in the calculations are not recommended used for further

data treatment.

4.3 TOW AND SUNSHINE HOURS

The total sum from the recorded days is adjusted to a complete
month by dividing the sum with the numbers of records and
multiply with the number of days in the month. The percentage
of data used for these adjustment is listed together with the

monthly value.

- With more than 75% of the values reported, the monthly value
will be reported without any remarks.

- With between 50% and 75% of the values reported, the monthly
value will be reported with an asterisk.

- With 1less than 50% of the values reported, a monthly value
is reported with an (X). For further data treatment these

data are often replaced by estimated values, see chapter 5.

5 YEARLY MEAN CONCENTRATIONS

5.1 YEARLY MEAN VALUES

All values given for yearly mean values are treated in the same
way as the monthly values. If daily results are reported during
the whole vyear, all available daily values are used for the
calculation of the mean value. The percentage of available data

is also calculated and listed together with the yearly values.

- A yearly mean value for observations including 75% of the
monthly values is accepted without any remarks.

- A yearly mean value including between 50% and 75% of the
monthly values is accepted with an asterisk.

- A yearly mean value including less than 50% is reported with
an (X).



If weekly or monthly values are reported, the monthly values

are used in the calculations and the percentage is not listed.

5.2 TOW, SUNSHINE HOURS AND AMOUNT OF PRECIPITATION

TOW, sunshine hours and amount of precipitation are reported as
the total sum and must be completed to a full year if the
results shall be of any use. Since there are seasonal varia-
tions in the climatic factors the use of average values for ad-
justing the results can be incorrect. To complete the yearly
results estimated values were used. The estimated values were
formed by comparing similar sites, by 1looking at reported
values for other months from the same season or from meteoro-
logic statistics. Only 4 estimated values are accepted for each
parameter, and the estimated values are marked with a plus (+).
If monthly values are available from the first and second year,
the missing monthly value is substituted with the mean value

from the same month for the two years and marked with a (+).

If more than 4 of the monthly values are missing no yearly

value is reported.

6 CALCULATIONS OF MONTHLY VALUES

i
gTi
Mean temperature (TM) TM = %
Ti = measured values i = number of records
i
(E)RHi
Mean relative humidity (RHM) RH, = I
i
Time of wetness (TOW) TOW = ZiTOWi
0

(for incomplete data sets

see chapter 4)



Al
Sunshine hours (sh) sh =1 sh
(for incomplete data sets 0

see chapter 4)

Sunshine hours shall report the number of hours where the test
panels have been exposed to sunlight. So far no efforts have
been made to transform different sun radiation measurements to

sunshine hours.

Mean gas concentrations GM GM =

For some sites where complete informations of the sampling

period exist, another equation is used

i

Gy = ) (ni-Gi)
0O ——————
i
b n,
0
n, = sampling period
|
Precipitation mm = 2 mm
(for incomplete data sets 0
see chapter 4)
i
' | é [mm, - (10 PHiy;
weighted mean pH (pHM) pHM = + log T
I mm,
0 i

weighted mean values for cations, anions and conductivity

(Cy)
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7 RESULTS AND DISCUSSIONS

The yearly results for the first, second and third year, are
given in Table 1 and the monthly and yearly results from Sep-
tember 1989 to August 1990 in Annex 1. For some test sites new
corrections for the previous years are reported. The new
results are given in Annex 2. The regularity of the environ-
mental data seems to be good for the third year. However, still
there are sites where the influx of data is slower and lower
than expected.

For calculating dose-response equation it is crusial to have
complete data sets and sufficient spread in the values for the
most important parameters. If gaps in the data occur, estimated
values must sometimes be generated. To illustrate the quality
of the data measured and their yearly fluctuation, scatter

plots of the most important parameters are made.

The pattern of the third year results is similar to the first
and second year’s results. In Figure 1-4 scatter plots of TOW,
S0,, NO, and pH for the second versus the third year results
are presented. The figures show that the environmental condi-
tion at the sites do not change too much from one year to the

next.

The NO, results were clustered around the y=x line in the same
way as the previous years. The MILAN results were somewhat

higher the third year than the second.

The SO, results deviate from the y=x line when the third year
results are compared with the first and second year. Parti-
cularly the sites with high SO, -concentrations; Kopisty, Prague

and Milan had lower concentrations the third year.

The TOW results clustered nicely around the y=x line for the
second and third year. The pH values for three sites deviate
significantly from the y=x line. The sites are Madrid, Toledo

and Moscow. For Madrid the second year results deviate
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(pH = 6.42 compared to pH = 5.26 and 5.14) and for Toledo the
third year (pH = 6.20 compared to pH = 5.27 and 5.23). For
Moscow a low mean value of pH = 4.89 is observed the second
year compared to pH = 6.18 and 6.22 to first and third year.

When the ECE programme started it was important to find test
sites with different concentrations of SO,, NO, and H* (pH).
The figures show that we have been reasonably successful in
selecting sites. The yearly mean concentrations for SO, ranges
from 1 pg/m3 to 80 pg/md3 with the majority of sites reporting
from 10 to 20 pg/md. For NO, the distribution is even better
with yearly mean concentrations ranging from 4 to 80 pg/mé plus

one site (Milan) with more than 100 pg/md.

The pH was between 3,9 and 6,2 and TOW between 1 800 and 6 000
hours per year. There are also fairly large observed variations
for the other precipitation parameters at the different sites.
Bilbao (SPA32) had the highest concentrations of ions of all
sites. Many of the test sites closer to the Atlantic ocean are
more or less affected by seaspray and marine aerosols contri-
bution. This 1is particularly the case for the sites in the
United Kingdom, Lisboa, two Norwegian sites and the sites in
the Netherlands. In addition high chloride concentrations are
observed at the Italian and Spanish sites which seem not to be

caused by sea salts.

8 CHARACTERIZATION OF THE GAS DATA COLLECTED ON DAILY BASIS

8.1 STATISTICAL CHARACTERIZATION OF THE YEARLY CONCENTRATIONS

In studying the effects of the environment on materials, we
need a properly chosen characterization of the environment.
However, the parameters we choose may some time be selected
more for our convenience than for the purpose of making a good
model for the type of effect observed. Data collected on daily
basis will give us the best opportunities for the characteri-

zation needed. In addition to better information about the
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precision of data collected, it gives us the possibility to
generate more complex integrated exposure parameters for the
data.

The arithmetic mean of the concentrations is representative of
the total load of the compound at a given site, disregarding if
the load was received during one extreme episode or in longer
periods with lower concentrations. The percentiles, on the
other hand, provides a characteristic more suited for situ-
ations when we expect to find an effect only when concentra-
tions are high for longer periods. Other characteristics can be
suitable for other relations between the compounds and the

materials.

The following Tables 2, 3 and 4 provide the arithmetic mean,
the maximum, the sample median the 90-percentile and standard
deviation of the mean for the daily data. Percentage of valid
days from where these characteristics are based are given in

Annex 1, where the mean values are also available.

Table 2 gives an estimate of the arithmetic mean and absolute
maximum of the concentrations. The mean here is an unweighted
arithmetic mean of the available daily concentrations. Some
authors, working with environmental effects, have constructed a
dose-response model where the dose is characterised by a mean-
to-maximum ratio. This can eventually be calculated from the
table.

Table 3 gives an overview of sample median and 90-percentiles
of the available daily concentrations. If a full year of data
is available, the concentrations are higher than the 90-percen-

tile in 37 days, and higher than the median in 183 days.

Table 4 gives an overview of the mean and standard deviation of
the observed concentrations, based on daily data. This provides

us with some measure of variability in the data.
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Figure 5 gives a comparison of the mean value, median and 90-
percentile for SO, and NO, for the measurement season 89/90.
These characteristics are generally well correlated but as we
see, for individual stations there may be a difference between
mean and median (e.g. site 31 both for NO, and SO,). Therefore,
the classification based on 90-percentile, mean or median may
also be different. Only sites with most of the measurements
available are presented, for number of available days see
Table 5.

Table 5: Number of valid days at sites included in Figure 5.

Valid N Valid N
Site Site
S0, NO, S0, NO,

365 313 20 354 360
358 361 22 350 364
361 364 24 361 365
9 324 3486 24 3519 362
10 350 347 26 353 345
1] 345 350 217 347 -

15 364 365 28 346 =

16 308 = 30 331 =

17 360 351 3.0 331 350
18 365 355 33 361 360
19 3683 358 36 362 360
20 342 340 38 = 365

0 ~N

A characterization of stations based on a relative between SO,
and NO, is illustrated in Figure 6. The scatter plot of 90-per-
centiles shows that the higher daily NO, concentrations are
about twice as high as those of S0O,, except sites 10 and 22.
Only the sites with both SO, and NO, available are presented in
the Figure 6.
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8.2 FREQUENCY DISTRIBUTION OF GASEOUS COMPOUNDS

In Annex 3, the cumulative frequency distributions of the daily
data are plotted for the first three years of the Programme.
These plots can be used for a rough quality check for the sta-
tions; it should be possible to explain most of the differences
between the three years either by different data availability

or by real change in the environment at the station.

There seems to be good agreement between concentrations repor-
ted for alle the three years. The maximum concentration plotted
is 200 pg/m® for SO, and NO,, and 175 ug/m3 for O; . Therefore
the highest concentrations for some sites will not be plotted
(e.g. site 15 Milan for NO, and SO,). Maximum daily concentra-

tions for the compounds are given in Table 2.

For o2zone, there seems to be two types of shape of the cumula-
tive distributions. The daily data at stations possibly un-
affected by traffic seem to have a symmetrical distribution
(sites 05 FIN Ahtari, 07 FRG Waldhof-Langenbriigge, 12 FRG
Garmisch-Partenkirchen, 23 NOR Birkenes, 26 SWE Aspverten, 37
CAN Dorset). This is opposed to sites as 08 FRG Aschaffenburg,
13 ITA Rome, 15 ITA Milan, where low values of O; are regis-
tered often. This may be partly explainable by the location of
the station relative to sources of nitric oxides. A similar but
opposite difference can be observed for NO, and SO, (stations
close to sources may tend to have a symmetrical distribution).
The feature may perhaps be demonstrated on data from 15 ITA
Milan, where there are substantial sources of SO, and NO,, and
a traffic-related sink for O;. On data for 89/90 at sites 24
and 38 it can be seen, how the shape of the distribution is
also affected by missing data. Both sites have missing observa-
tions in winter months, which leads to a symmetrical distri-

bution of 0;.

For §SO,, the distributions are genereally rather skew, with an
overweight of low values. Some difference in the cumulative

distributions can be seen for the following sites:
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08 FRG Aschaffenburg (87/88 higher because of missing June to
August 1988);

12 FRG Garmisch-Partenkirchen (88/89 the upper 10% of concen-
trations ca. 2x higher than the other years. 88/89 has almost a
full year of data, while data are missing in May and June 90
and in June, July and August 88);

13 ITA Roma (missing data the later years);

18 NL Eibergen and

19 NL Vredepeel (some missing data at low concentration months
in 88);

24 SWE Stockholm South (there seems to be gradual decrease in
concentrations from 87/88 to 89/90, max. 10 missing days each
year) ;

25 SWE Stockholm Centre (missing data the later years);

33 SPA Toledo (missing data in July and August 88, increase
from 88/89 to 89/90);

36 POR Lisbon (some missing days April and May 89);

39 USA Steubenville shows a good agreement between the years
despite missing November 87 and March 88, and July and August
90.

For NO,, the curves tend to be more S-shaped indicating a more
symmetrical distribution. Some differences can again be explai-

ned by missing data:

08 FRG Aschaffenburg (missing data in June, July and August

88);
12 FRG Garmisch-Partenkirchen (missing data June, July and
August 88);

13 ITA Rome (missing data all three years);

15 ITA Milan (missing data in June and July 88; higher values
89/90 than 88/89);

17 NL Vlaardingen (some missing days June/July 88);

24 SWE Stockholm South (some missing data 87/88);

31 SPA Madrid (missing data September 88);

33 SPA Toledo (some missing data 87/88);

36 POR Lisbon (some missing data, whole September 87, 88/89

seems lower, not due to missing data);



16

38 USA Triangle Park (good agreement, however, missing April
and May 89);

39 USA Steubenville (good agreement, missing November 87, March
88, July and August 90).

Ozone O; is reported on daily basis at roughly half the sta-
tions. The available distributions seem in general to be sym-
metrical. Some of the differences are possibly explainable by

missing data:

07 FRG Waldhof-Langenbrugge (missing January and February 88,
some days in June 88. However, the extremely low values of 1987
may indicate a problem with the measuring instrument) ;

13 ITA Rome (missing months from March 1990);

38 USA Triangle Park (for 1990 available only April through
August data, for 1989 not available April, July, August);

39 USA Steubenville (not available November 87, March 88, and
July and August 90).

8.2.1 Validation of the law of frequency distribution of the

gaseous compounds

Much work has been produced on investigating the frequency
distribution of environmental data. One of the first empirical
models for environmental data was described by Larsen (e.q.
Larsen, 1969; 1971). This model wuses the 1lognormal 1law of
distributions, and gives in detail graphical methods for esti-

mating the parameters of the lognormal distribution.

This model has 1later been critisized on the basis of not
accounting for the seasonal variations and for autocorrelation.
The model describes data collected with time resolution varying
from five minutes to one year, and it is reasonable to antici-
pate the presence of autocorrelation especially for the more

densely collected data.
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The theoretical lognormal distribution was described in detail
earlier (Aitchinson and Brown, 1957). Other authors have used
other 1laws of distribution, such as e.g. the Weibull distri-
bution (Gilbert, 1987).

Despite the theoretical problems, the log-normal law of distri-
bution of the environmental data is being wused most widely
(Gilbert, 1987). We have run some tests to validate this suppo-
sition; in brief it is already discussed above (symmetry of the
distributions). The results are based on calculations using the
SPSS-package (SPSS Inc.).

The test results for the daily data are presented as three-
year, one-year and monthly series. The one-year and monthly
series are of discussed later when talking about precision of
estimating the mean value. The three-year series interests us
because in case we were able to establish the result here, it
would be possible to make a conclusion about the sub-samples,

as well.

8.2.2 Empirical distribution of the whole measuring series

Figure 7 shows a frequency distribution function of the three
years of the daily data on Site 16 ITA Venice, both for the
original data and for their logarithms, and a theoretical
normal curve with the parameters calculated from the data. For
SO0,, we can see that the frequencies are positively skewed for
the original distribution, and in good agreement with the 1log-
normal curve. For NO, and O;, the untransformed concentrations
are positively skewed, and the 1log-transformed concentrations

negatively skewed.

Four types tests were carried out to test for normality/
log-normality for the available series. For both untransformed
and logarithmically transformed concentrations, skewness and
kurtosis were estimated (for definition see Gilbert (1987) p.

156), their confidence intervals established and compared to a
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theoretical value for normal distribution. Further, D’Agostino
and Kolmogorov-Smirnoff tests for goodness-of-fit were used to
see the fit to normal resp. log-normal distribution. Except for
the D’Agostino test, these are asymptotic tests that can well
be used for the whole three years of data available (for
D’Agostino test see e.g. Gilbert (1987) p. 160, for
Kolmogoroff-Smirnoff test e.g. Owen (1962) p. 423). The results

are summarized in Table 6.

For SO,, log-normal model fits best, for NO, the results indi-
cate that neither distribution fit (as we indeed see from
Figure 7), and for O; the normal distribution seems to be pre-

ferred.

Table 6: Results of tests for normality and log-normality,
three year measuring series.

No. Rejected normality Rejected log-normality
samples

skew. kurt. D’Ag. K-S skew. kurt. D’Ag. K-$§

S0, 36 3 18 36 36 0 0 24 26
NO, 31 2 5 29 28 0 1 26 219
03 22 0 0 11 15 0 1 18 18

skew = skewness D’Ag. = D’Agostino test for normality
kurt = kurtosis K-S Kolmogorov-Smirnoff test for normality

8.2.3 One-vear measuring series

Figures 8, 9 and 10 show the confidence intervals of the esti-
mated skewness and kurtosis both for logarithmically transfor-

med data and for the original data for SO,, NO, and O;.

An asymptotic test for normality of a sample used here (or log-
normality in case of the lognormally transformed daily concen-
trations) 1is carried out from the skewness and kurtosis. From
the figures it can be seen if they are approximately equal to
those of normal distribution, which has the sample skewness 0
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and sample kurtosis equal to (3-6/(n+1)), where n is the sample
size. In the graphs, the value of three is already subtracted
from the kurtosis estimate, and the value of 6/(n+l) would be
about 1/50 or 0.02 for 300 samples, and ca. 0.06 for a year
with 100 days available.

From the graphs we can see that for S0, and NO,, for many of
the yearly samples the skewness and kurtosis of the log-trans-
formed data 1is not far from 2zero, so that the log-normal
distribution may provide an approximation for the underlying
data distribution. For 0O;, the untransformed data seem to have
characteristics closer to the normal ones than the log-trans-
formed, so that the normal distribution may not be unreason-
able.

8.2.4 Enmpirical distribution of the monthly series

Frequency distributions of three months of 1989 at site 16 of
the untransformed data are presented in Figure 11, where a
theoretical normal curve is also plotted. Thirty or thirty-one
days are relatively a small amount of data for the goodness-of-
fit test to reject the hypothesis of good fit, however, Table 7
summarizes the results of tests for normality using skewness
and Kkurtosis. All months with at least 30 valid days available
were included in the test. The test precision is probably not
very high, since the test is asumptotic, however, it gives some
information about the symmetry (skewness) and shape of the
distribution. In most samples, neither normality nor log-norma-
lity were rejected. For SO, and NO,, the tests seem to slightly
prefer the log-normality.

The logaritmic transformation is also used as a variance-stabi-
lizing transformation. That the variance (resp. its square root
the standard deviation) increases with the mean value is to be
seen in Figure 12, where the estimated arithmetic means are
plotted versus the estimated standard deviations for the three

gases. Here, in agreement with the results found above, the
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Table 7: Tests for normality of all available monthly series
with at least four daily values (most months have more
than 50% valid days).

Rejected Rejected
No. normality log-normality
samples

skew. kurt. skew. kurt.

50, 1119 7107 1 8
NG, 998 1 24 3 14
04 623 1 5 0 i

skewness

skew.

kurt. kurtosis

1

standard deviation seems to rise rather sharply with higher
mean values for SO, and NO,, while it rises for low O; concen-
trations but remains rather constant for mean concentrations
above ca. 15 pg/md3. This supports the suggestion of log-norma-
lity of the sulphur and nitrogen dioxides and of normality of

ozone.

8.3 DATA AVATIABILITY AND TITS CONSEQUENCE FOR CALCULATING MEAN
VALUES

The rules for calculating monthly and yearly mean concentra-
tions are described in Section 5. The Jjustification of these

procedures have not been discussed, however.

In an environmental monitoring network, we wish:

- to assure same high quality for all collected data,

- to extract as much information from these data as possible.

Here, we shall briefly touch the question of calculating the
yearly mean, and in some more detail the topic of monthly

means.
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When talking about "quality", we may mean the "precision", that
can be expressed f.ex. as a confidence interval for the means.
While the arithmetic mean itself is a characteristics which
does not depend on any underlying distribution but represents
the "“centre of gravity", the question of applicability of the
mean and of its precision is related to the frequency distri-
bution of the measured values. The confidence interval of the
mean is different for normal distributed values compared to

log-normal distribution.

8.3.1 Mean concentration representative of the vear

For the report of the first year results, the mean yearly con-
centration was calculated on the basis of monthly values, which
is convenient when some data are not reported daily but weekly
or monthly, but this is not equivalent to the mean calculated
from the daily data unless the monthly means are based on equal

number of daily observations for all the months.

For daily data this problem can be overcome by weighting, pro-
vided that in addition to the monthly mean we also know how
many days it is based on. To explain, let x,,..,xy be the daily
observations, N be the number of days available in a year, n;
number of days available in a month i, i=1,..,M where M is the
available number of months, j;=1,..,n; number of days available
in month i, the yearly arithmetic mean based on daily observa-
tions 2, , the yearly arithmetic mean based on monthly observa-
tions Z,, and z; be the individual monthly means. Then for Z,

to be equivalent to Z,, it is necessary that

Z,= (1/M) I z, *(n; *M/N)
i
We of course assume that z; = (1/n;) % X;; where i is the index
for month and j; for day, and Z,=(1/N) %,in = (1/(§ n; ) g.xji.
e 1 1]
An additional complication arises when some months are repre-
sented by less than 50% of the daily data; then the monthly
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mean will be excluded from the calculation based on monthly
means automaticaly. It may seem reasonable not to calculate the
monthly mean in such cases (see later), however, this should be

judged against loosing any information about the month.

It is known and can be seen from the data summaries, that there
is a pronounced seasonal variability in the data. This vari-
ability can account for between 10 and 25% of the total vari-
ability in the data, and determines to a high degree the con-
centration. A "low" and a "high" month usually represents
concentrations which are different by more than a factor 2 for
all the three gases. This difference is much higher than the
possible difference due to imprecision. This may be demon-
strated in the following rather extreme example based on
0; -data from season 88/89 site 17.

The monthly means are (starting September 88) 33, 16, 10, 25,
10, 25, 10, 33, 59, 56, 65, 51 (ug/m®). Let us suppose that
these data are drawn from a normal distribution (see Figure 9).
The annual mean using the data for 8 highest months 1is 43.4
(standard error of the mean 1.88), the annual mean using the
data for 8 lowest months would be 20.3 (standard error of the
mean 1.17); and the annual mean based on the twelve months 32.8
(standard error of the mean 2.44); all these means are signifi-

cantly different from each other.

Let us suppose, that all available months are represented by
approximately the same number of observations, and that some
months are missing completely. The question arises, how many
missing months can we accept and still calculate the annual
mean concentration. It would seem reasonable that the rule be
based on data availability on seasonal basis, f.ex. max. 2 non-

consecutive months in one season missing.

As 1is demonstrated further in the text, the rule of excluding
the monthly means where less than 50% of the data are available

is reasonable for for obtaining the same precision for the
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monthly means, however, the same rule may reduce the precision
for the purpose of calculating the annual mean concentration.

In the environmental reports 3 and 9 the rules have therefore
been changed. For sites where daily data is reported. All
available data is included in the calculations for the yearly

mean values.

8.3.2 Mean concentrations representative for a month

The monthly series were demonstrated to comprise of data that
can be in many cases considered normal or 1log-normal. It is
therefore possible to construct an approximate 5% confidence
interval for the mean, based on a critical t-value and standard

error of the mean.

To validate the rule of accepting the month mean based on at
least 50% of data valid, a simulation was performed for all
three gases untransformed and logaritghmically transformed. As
a basis for the simulation, for each compound, all months with
31 wvalid days were used (380 for SO,, 310 for NO, and 215 for
O;). From these, k days chosen at random were consecutively set
to nmissing, k=1,..,25, so that subsamples of smaller size were
available. For these, the half-width of the confidence inter-
vals was calculated. Its characteristics are plotted in

Figure 13 for the untransformed data.

As can be seen from the diagram, the median half width of the
interval is relatively stable for valid days between 31 and 20,
and then it starts to rise. We can therefore conclude, that
accepting the mean with at least 75% of days with data without
a remark and with at 1least 50% of the data marked with an

astrisk, seems to be a reasonable rule of thumb.
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9 CONCLUSION OF THE STATISTICAL CHARACTERIZATION

Additional characteristics of the annual data series were pre-
sented (mean, median, 90-percentile). These characteristics are
in most cases in good agreement, however, when the data have a
distribution that is far from symmetry, their differences may

be substantial.

Little difference in the distribution of daily concentrations
was found between the three yearly series. Most of the observed
differences were due to unequal patterns of missing data. This

indicates good quality of the daily reported data.

The three-year and one-year series of gaseous compounds were
found to mostly obey log-normal law of distribution, however,
the data did not fit either normal or log-normal distribution
in more cases than would be expected by chance. It may there-
fore be necessary to establish other models. It is reasonable
to assume that the deviations from the distribution are to some
extent due to seasonal variations, but this hypothesis was not
tested.

When calculating annual means of concentrations, the seasonal
differences are of most importance; therefore it may be reason-
able to construct a rule based on seasonal availability of the
data rather than on annual availability. Missing of two months
in a season may probably be acceptable. However, as illustrated
for O; site 17 four months of missing data will give a biased

mean value.

When calculating monthly means, the rules for accepting the
mean based on amount of available data were found reasonable.
However, if we exclude daily data for calculation of annual
means for other reasons than erroneous result, we are loosing
information. Therefore we have chosen to use all available

daily values for this calculation.
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It 1is thought important that the data be reported to the
Environmental centre on daily basis, whenever possible. This
facilitates the data control, but first of all, gives a possi-
bility to use more advanced characteristics of the environmen-

tal data in the analysis of effects.
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Figure 1: Scatterplot for TOW yearly mean values for the second
versus the third year results.
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Figure 2: Scatterplot for SO, yearly mean values for the second
versus the third year results.
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Figure 3: Scatterplot for NO, yearly mean values for the second
versus the third year results.
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Figure 4: Scatterplot for pH yearly mean values for the second
versus the third year results.
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NO2 - comparison of procentiles and mean
Daily data, season 89/90
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Figure 5: Comparison

of percentiles and mean values at indivi-

dual sites for the third monitoring season for S0,
and NO, . For number of days available at each station

see Table 5.
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COMPARISON OF 90-PERCENTILES
NO2 and SO2, 1989/90

daily data

NO2 90-perc

S02 90-perc

Figure 6: Comparison of 90-percentiles for NO, and SO,, same
sites as Figure 5.
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§02, daily measurements $02, daily measurements
Approximate Cl for skewness Approximate Cl for kurtosis
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Figure 8: Diagram of estimated confidence intervals (CI) for
skewness and kurtosis for SO, and 1ln SO, by site and

monitoring years. For normal distribution, the confi-
dence interval should contain zero.
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NO2, daily measurements
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NO2, daily measurements
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confidence intervals (CI) for
skewness and kurtosis for NO, and 1ln NO, by site

and

monitoring years. For normal distribution, the confi-
dence interval should contain zero.



SKEWNESS

SKEWNESS

03, daily measurements

Approximate Ci for skewness

0
LY R T T
§
l F] 0
W LERLEIA T Y PR 1 L
i

S ORI AT, A S A 0, S . - . U S A SO

In O3, daily measurements

Approximate Cl for skewness

0 Iy }
AT
[}

Y Y T Y Y TV Y TV Y TV T T T T T Y Y T YT YTy

Site nr.

Figure 10: Diagram of
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Monthly means vs. standard deviation
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Figure 12: Estimated monthly mean S0,, NO, and O0; values
plotted against estimated standard deviation, for
all available daily data.

45



46

S02 - simulation based on months with valid 31 days In SO2 — simulation based on months with valid 31 days
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Monthly and yearly results of the third year
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ANNEX 2

Monthly and yearly results of previous years

where corrections are made
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ANNEX 3

Cumulative frequency distributions of daily data

for three years
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