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LONG RANGE TRANSPORT OF
OXIDANTS AND NITROGEN COMPOUNDS IN
THE ATMOSPHERE OVER SCANDINAVIA

1 INTRODUCTION

The atmospheric contents of oxidized nitrogen compounds are im-
portant to a large range of chemical processes in the atmo-
sphere. Among these compounds are NO, NO,, HNO;-gas and PAN.
They play an important role for the formation or destruction of
ozone, for the oxidizing efficiency of the troposphere, for
acidification of precipitation, and for eutrofication of lakes

and rivers.

In order to quantify the occurrence of these compounds and with
a view to establish a nitrogen budget, a measurement campaign
was carried out at five rural stations in Scandinavia in the
period from August to October 1989. 1In preceding measurement
campaigns (Ferm et al., 1986; Ferm et al.l, 1987) methods for
sampling and analysis of NO, have been tested. The 1989 cam-
paign was the first to include PAN measurements. The measure-

ment campaign is described in Chapter 2.

To evaluate the data 1in a comprehensive way a workshop with
participants from all the participating 1laboratories was
organized at Spdtind, Norway, in April 1990. At the workshop
data were processed on a number of personal computers equipped
with software for both statistical calculations and graphic
presentation. A large number of overview tables and plots were
generated and used as a basis for more detailed studies of
selected time periods and of correlations between compounds.

The workshop is described in Chapter 7.

After the workshop one group concentrated on describing in
detail pollution episodes that had been identified in the data



material (Chapters 3 and 4). Another group compared the mea-
sured concentrations to values computed by a version of the
EMEP model that includes photooxidants (Chapter 5). Diurnal
trends in the data material are described in Chapter 6. A
similar campaign was performed in 1990. Results from this cam-

paign are briefly commented in Appendix VI to VIII.
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2 THE MEASUREMENT CAMPAIGN

2.1 THE STATIONS

Groups from Denmark, Finland, Norway and Sweden participated in
the campaign. All groups selected measurement stations far
away from polluted urban areas, often called background
stations. The names and positions of the stations are given in
Table 2.1.

Table 2.1: Names and locations of the measurement stations.
Also refer to the map in Fig. 2.1.

Station name Country Latitude Longitude

Frederiksborg Denmark 55957 N 12220 ZE

Rérvik Sweden west 57025°N 11°955°'E

Aspvreten Sweden east 58%48°'N 17°39°'€E

Birkenes Norway south 58°23°N 8015°E

Uts Finland south 59047°N 212237 E

Frederiksborg 1is in a forested area in the northern central
region of Sjzlland in Denmark. R&6rvik is in a rural area on
the western coast of Sweden south of Goteborg. Aspvreten is in
a rural area on the east cost of Sweden, south of Stockholm.
Birkenes 1is in a forested area in the southern part of Norway,
approximately 30 km from the coast. Uté 1is a small island
outside the south-west coast of Finland. The stations are

indicated in the map on the next page (Figure 2.1).

2.2 TIME PERIOD

The measurement campaign was carried out from 1 August to 31
October 1989. The autumn period often has winds from the
south-west. Therefore, polluted air parcels from the northern

central Europe may sweep over Fredriksborg, RoOrvik, Aspvreten



NMR MEASUREMENT STATIONS
v ) N ¥\ Ji/?\' =1 \ |29
Y

28

M(L“\ /
§
,\S
S -
Y

SN -

2y

28

q
%j %{ Ro1vik >\ /] j/ al
%J § Fre\deﬁksbg 4l

1

i

S

- 3

ol T

“\L{:& =N dl |

T TS A -

| { A ,zv/</ 1 j -

A 1T |
= A2 |

12 19 1% I8 I 17 18 19 20 21 82 28 20 25

21

16

15

Vi
I
IR ‘u\\\

5 T
p—

\

Fig. 2.1: Locations of the 5 rural stations that were used for
the measurement campaign.



and Utd. The campaign allows for studies of the development of
chemical processes in these parcels as they pass over several

of the stations.

2.3 COMPONENT TABLE

The 1list below (Table 2.2) indicates the parameters that have
been measured during the campaign. Not all these parameters
were measured at all stations (see description of separate
episodes for information of parameters included). The para-
meters measured as 24-hour mean values are EMEP parameters, and
their EMEP parameter identification codes are given. Parameters
measured on a 1 hour or 12 hour basis have been converted to
24 hour data. A complete listing of all 24 hour data is given
in APPENDIX I.

Table 2.2: List of parameters included in the study.

PARAMETER EMEP NAME TYPE UNIT COMMENTS
CODE

Ozone 0ZONE 1-hour Ug/m3 Gas, continuous
Peroxyacetyl Nitrate PAN 1-hour UQ(N)/m3 Gas, 4 samples/hour
Nitrogen dioxide NO2-KI 12-hour |Jg(N)/m3 Gas, potass.iocdide
Nitrogen dioxide NO2-DO 12-hour |Jg(N)/m3 Gas, DOAS
Sulphur dioxide 30 S02 24-hour Ug(N)/m3 Gas
Nitrogen dioxide 31 NO2 24-hour UQ(N)/m3 Gas
Sulphate 40 S04 24-hour Ug(S)/m3 In aerosols
Total NOg 80 TNO3 24-hour LIg(N)/m3 Gases + particles
Ammonia + ammonium 81 TNH4 24-hour UQ(N)/m3 Gases + particles




2.4 SAMPLING TECHNIQUES

The total nitrate (gaseous+particulate) concentration was
measured using a Na,CO; impregnated filter mounted in an open
face filter holder. The total ammonium concentration was
measured 1in a similar way using oxalic acid impregnated
filters. All participating laboratories have previously made
two field intercomparisons at Rorvik (1985 and 1986) and
obtained good agreement between the laboratories and between
this technique and cylindrical denuders (rel.S.D. of*15% for
total NO; and ~20% for total NH,*). The detection limits were
~0.15 yg (N)/m3 for total NH,* and =~0.02 pg (N)/m3 for total
NO;~). The sampling techniques as well as the intercomparison
have been published (Ferm et al., 1988).

Ozone was measured using real time instruments based on UV
absorption. Intercomparisons have previously been made (Oyola
and Areskoug, 1988). NO, was measured with a volumetric

technique using impregnated glass filters (Sjddin and Ferm,

1988). The filters were impregnated with a methanol solution
containing 10% KI, 1% NaASO, and 5% ethylene glycol. The

trapped NO, was thereby reduced to NO,-. The filters were
leached in water and analysed spectrophotometrically.

Particulate sulphate was sampled on W40 prefilters which were
leached in water and analysed using ion chromatography. SO, was
sampled behind this filter either on NaOH impregnated filters

or with gas wash bottles containing a dilute H,0, solution.

PAN (Peroxyacetyl Nitrate) is measured by a GC (Gas Chromato-
graph) with an ECD (Electron Capture Detector). In most cases a
6 port sampling valve with a 1-5 ml sample loop is used. NILU
has designed an instrument that also employs an 8 port valve
and an extra column. One column is connected for backflushing
when the other is connected for sample separation. After each
sample the 8 port valve will switch the separation column into

backflush mode and vice versa.



A third valve allows the detector to be disconnected from the
sample flow during the oxygen peak (which comes first in the
chromatogram and severely overloads the detector). During this
time the detector is instead connected to the backflush outlet
flow, to maintain pressure and flow in the detector.

The column is a 1m x 2mm i.d. glass column packed with 5% CW400
on Chromosorb W-HP 80-100 mesh. The carrier gas 1is N, at
approximately 20 sml/min. The detector has a simple pin-cup
cylindrical geometry with a 10 mCi 63NI foil and approximately
1 ml internal volume. Both the column and the detector are
operated isothermally at 32.5°C. NILU has built 7 of these
instruments, and all participants in the NMR campaign used the
NILU PAN instruments.

3 SUMMARY OF MEASURED VALUES

The mean of all measured concentracions for all compounds and
stations are given below. The concentrations were usually

highest at Frederiksborg and lowest at Birkenes.

Table 3.1: Mean values of all components over the three
campaign months.

Frederiksborg | Rérvik | Aspvreten Uto Birkenes

Tot NO5_ Ug(N)/m3 0.94 0.59 0.40 0.42 0.29

Tot NH4*  |ug(N)/md 2.09 1.7 0.84 QLT 0.56

NO, KI Ug(N)/m3 31..18 1.48 0.62 0.88 0.79

PAN Ug(N)/m3 0.23 0.18 0.11 0.10 0.09

S0, Ug(S)/m3 1.80 2.07 0.69 0.62 0.30

Part 504 |Jg(S)/m3 1.46 1.08 0.96 1.04 0.52

03 bg 03/m3| 43.3 55.0 57.8 65.9 42.2
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The highest concentrations of nitrates and ammonium (sum of
gaseous and particulate forms) and PAN were on average found at
Frederiksborg, the station closest to the main sources in
central Europe. The second highest concentrations were found at
Ro6rvik, the lowest at Birkenes. Birkenes is often influenced by
clean air from the North Atlantic. The concentrations at Utd
and Aspvreten were roughly the same, and were between the
values reported from Birkenes and R&rvik.

The spatial distribution of nitrogen dioxide was approximately
the same as for the other nitrogen compounds, but Birkenes

reported higher concentrations than Aspvreten.

4 EPISODE IDENTIFICATION AND DESCRIPTION

The measured concentrations may be grouped into "normal" values
and "episode" values. Close to large pollution sources, local
high pollution episodes would be expected. The stations used in
this work reflect the background - they register episodes on a
larger scale. Such episodes are not confined to one single

station, they may be seen to propagate from station to station.

Four polluted and two clean episodes were identified by
comparing plots of a single parameter from all the stations.
Emphasis was given to the nitrogen compounds. Figure 4.1 shows
the data material for total NO;. Figure 4.2 gives a similar
presentation of the PAN data. In these two figures the episodes
given in Table 4.1 may clearly be distinguished. Similar
overview plots for other components are given in Appendix II.

Also wind trajectory data were used to interpret the episodes.



13

Table 4.1: Clean and polluted air episodes during the NMR-mea-
surement campaign 1989.

Period Type Id. code
19-22 August Polluted EI
17-29 September Polluted EII
15-21 October Polluted EL I
26-29 October Polluted EIV
28-30 August Clean Cl
29 Siept:-4 Oct.: Clean CIllI

Episode EII was actually composed of two subepisodes. EIIa.
17.-23. September and EIIb. 26.-29. September.

A summary of the concentrations of the measured compounds
within the different episodes and for the whole campaign is

given in Tables 4.2.a - 4.2.q9.
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Table 4.2.a.:

Average concentrations of total NO;- during the
episodes, and for the whole campaign at each
station.

If data are reported for less than 75% of an epi-
sode, episode average is not calculated for this
station. The reported results are, however, in-
cluded in the episode averages in the bottom line
and in the campaign averages to the right.

Tot NO3~
Average concentrations (Ug(N)/ms)
Episodes
Whole
Station Polluted Clean campaign
average
EI EULL L BT I EIV CI CII
Frederiksborg 1511842 2.06 = 1. 601 = 0.18 0.94
Rérvik 1.09 1.07 15 585 = 0.37 O 12 0.59
Birkenes 0 .65 0.61 0.69 0.18 0.14 0.04 0.28
Aspvreten 0'.55 011615 04715 = = 05 017 0.40
Uts 0.60 015 70 0.82 0.31 0.21 050:7 0.42
Episode average| 0.94 1.02 105 0.76 038 0.10 01512
Table 4.2.b.: Average concentrations of total NH,* during the
episodes and for the whole campaign at each
station.
Expl. in Table 4.2.a.
Tot NH4™
Average concentrations (UQ(N)/m3)
Episodes
Whole
Station Polluted Clean campaign
average
EI BN EITI EIV CI CIl
Frederiksborg 35110 4.91 4.80 2..70 0.89 0.53 2.09
Rorvik 1.89 i 2137 2.81 L..70 0.92 0...1:8 0.98
Birkenes 1,15 1 451 1288 0.39 05331 0ig 11 0.56
Aspvreten 1 2127 1 = 612 1.61 0.91 0.41 0.23 0.84
uto ) ) 1.26 1.01 0.20 0.35 0.08 0.71
Episode average| 1.71 2.26 2298 1.18 0.57 0.23 1.04
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Table 4.2.c.: Average concentrations of SO, during the episodes
and for the whole campaign at each station.
Expl. in table 4.2.a.

0]
2
Average concentrations (g (S)/m3)
Episodes
Whole
Station Polluted Clean campaign
average
El BT EIII EIV Cl LI
Frederiksborg 8,162 4.35 5.61 el 0.68 0 201 1.80
Rorvik 2.98 3.94 3ic 319 3510 1.80 %538 2.07
Birkenes 0.54 0.69 0.38 0.30 0212 0.08 0.30
Aspvreten OLs 27 0.84 2 ..313 = 2 0. 1018 0.69
uto 0.52 0.40 2.08 0.43 0)-2515 0.23 0.62
Episode average| 1.69 2.04 2.76 1.76 057145 0.40 14,0

Table 4.2.d.: Average concentrations of SO, during the episodes
and for the whole campaign at each station.
Expl. in Table 4.2.a.

SO
4
Average concentrations (Hg (S)/m3)
Episodes
Whole
Station Polluted Clean campaign
average
BT B/ BRI EIV G A
Frederiksborg = = - - = = =
Réorvik 2,10 2.69 2.18 1.24 0.48 0.26 1.06
Birkenes 0.98 1.60 0.76 0.36 0.28 0.09 0L.. 52
Aspvreten 122 .78 2.12 1.08 = 0.11 0,916
uto 175 1.65 L. 78 0.47 0.41 0.15 1.04
Episode average| 1.44 1 (85 1.65 0.74 0.36 0.8 0.89
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Table 4.2.e.: Average concentrations of NO, during the episodes
and for the whole campaign at each station.
Expl. in Table 4.2.a.

NO,
Average concentrations (pg(N)/ma)
Episodes
Whole
Station Polluted Clean campaign
average
El EL L EIII EIV CI CII
Frederiksborg 2.94 4.867 4.96 4.16 2.67 1.81 3.01
Rérvik 1.07 1,579 2.84 1.88 1.60 1.14 1.48
Birkenes L 1315 2.06 1. 035 532 0.67 0.62
Aspvreten 0.43 = 0.85 0.63 0.47 0.67 0.62
Uto 0.86 0.87 0.82 0.79 = 0.88 0.88
Episode average | 1.44 1.98 2% 3] 1 770 1.40 1.04 1.41

Table 4.2.f.: Average concentrations of PAN during the episodes
and for the whole campaign at each station.
Expl. in Table 4.2.a.

PAN
Average concentrations (UQ(N)/m3)
Episodes
Whole
Station Polluted Clean campaign
average
El ESTL (2098 EIV E2 CII
Frederiksborg 0-..87 = = = 0.20 = 015243
Rorvik = 0.37 0.18 0.15 = 0.06 0.18
Birkenes 0.14 0.17 0.10 0.06 0.07 0.05 0.09
Aspvreten = = (0} W = 0.09 0.06 0,11
Uto 0.17 = 0.09 0.03 0.08 0.04 0.10
Episode average| 0.23 0.24 0.14 0.08 01,138 01 037 Oks 283
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Table 4.2.g.: Average concentrations of ozone during the
episodes and for the whole campaign at each
station. Expl. in Table 4.2.a.

Ozone
Average concentrations (lg (03)/m3)
Episodes

Whole
Station Polluted Clean campaign
average

BT EII ELTT EIV C1 CII

Frederiksborg 65 = 30 = 46 50 43

Rorvik 82 63 42 45 54 5.3 55

Birkenes 5% 41 318 - 35 47 42

Aspvreten 78 66 = = 59 517 58

Ute = 79 59 62 70 67 60

Episode average 70 62 43 54 512 55 512

The average concentrations during the polluted periods divided
by the average concentrations when there was no pronounced
(neither high nor low concentrations) episode are given in the
table below.

Table 4.3: Average episode concentrations divided by the no-
episode averages.

Frederiksborg Rérvik Aspvreten ute Birkenes
Tot NO3~ 2.22 2.89 L 41915 2.01 & 3V
Toit NH4+ 2.43 2565 2.34 L 87 2.62
NO, KI 1.44 1,316 105 0..983 1 .57
PAN 1.09 1.50 078 1.41 1.44
S0, 3.74 1 .96 2.40 1.60 1...9/6
Part S04 2.34 2.48 2.46 25313 24313
03 12 1.04 1.03 1.08 0.96
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Ozone, NO, and PAN exhibit less increased concentrations during

episodes than the other compounds.

The average concentrations during the clean air periods divided
by the average concentrations when there was no pronounced
(neither high nor low concentrations) episode are given in the
table below.

Table 4.4: Clean air episode averages divided by the no-
episode averages.

Frederiksborg Rorvik Aspvreten uto Birkenes

Tot NOg3~ 0.45 0.53 0.22 0.34 0«35

Tot NH4+ 0.43 0L+ 740 0.47 0.29 0.46

NO, KI 0.74 0) <1977 0.99 01,913 0.80

PAN 0.71 0.70 0.70 0.65 0.69

50, 0 817 0.95 0 -3 0.62 0.54

Part S04 0.52 0.44 0.27 0.31 0l

04 098 115 0.98 101 1.0 1.00

The ozone concentrations were not lower during these clean
periods. NO, and PAN had less decreased concentrations than the
other compounds. The correlation between the oxidized forms
(Total NO;, PAN and particulate S0O,.) and their precursors
showed no clear pattern, because the NO, concentration was not
correlated with the long-range transport and because the frac-
tion of oxidized sulphur may have been high when the total con-

centration of sulphur was low.

During the campaign most of the oxidized nitrogen was nitrogen
dioxide (68% on the average). Only a minor part was PAN (6%).
The concentrations of other oxidized compounds than nitrate

(particles) + nitric acid (gaseous), nitrogen dioxide and PAN
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were normally very low and not included in this calculation.
The PAN fraction during polluted air episodes was approximately

the same as the average for the campaign.

4.1 EPISODE EI, 19 TO 22 AUGUST

19th: Trajectories to all stations originated from the North
Sea. The air masses that reached Frederiksborg and R&rvik had
crossed England and received some SO, . Birkenes experienced a

small maximum in SO, due to air that passed over South-England.

20th: Frederiksborg and ROrvik received air that had passed
over east Germany. The lower value at ROrvik reflects the

longer transport.

21th: ROrvik received North Sea air that had passed over the
Netherlands. Birkenes received air that had passed over
England. The rest of the stations received air that had passed
over eastern Europe. Aspvreten and Ut6 had a maximum in SO,
probably due to air originating further east than the air

reaching the other stations.
22nd: The episode was over and all stations had a drop in

pollution concentrations. The trajectories were of North Sea

origin.

4.2 EPISODE EIXI, 17 TO 29 SEPTEMBER

This 1long episode actually consists of two shorter episodes.
One SO, episode at Frederiksberg and Rorvik is caused by air
from Germany and the Netherlands. The measurements showed
maximum values at the 21st. The other stations received North
Sea air and were only to a small degree influenced by this

episode.
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The other episode was found in the SO, measurements at
Aspvreten and Utd at the 27th, and was caused by "old" air
masses from Poland moving slowly into Scandinavia and the
Baltic Sea. The rest of the stations received North Sea air

and did not show any episodic values.

The next day (28th) the concentrations fell sharply at
Aspvreten, while Ut6 was still influenced by air from Poland
and showed rather high concentration. The rest of the stations
received North Sea air. At the 29th the episode was over and
all stations received clean air. Since there are no SO,
emissions, the measured SO, must originate from SO,. This
conversion takes a few days, mainly depending on the OH concen-

tration.

Ammonium behaved in a similar manner as the SO, and was found
in elevated concentrations at all stations during this episode.
Nitrate behaved in a similar manner as the SO, , but was not
found in elevated concentrations at RSrvik or Birkenes during

this episode.

4.3 EPISODE EITIT, 15 TO 21 OCTOBER

In this period the winds were mostly southwesterly, with an air
stream passing first Frederiksborg and Rérvik, then Aspvreten
and finally Uté. From Frederiksborg to Utd the air parcels used

between 18 and 24 hours.

This interesting occurrence can be observed in the SO, and
nitrate measurements at the four stations. (Unfortunately SO,

measurements were not available from Frederiksborg).

At the 19th October Frederiksborg and RO6rvik experience a
maximum in the SO, , nitrate and ammonium concentrations. The
next day (the 20th) the concentrations at Frederiksborg and
ROrvik had fallen, while Aspvreten and Utd had a maximum in the

same components, with approximately 40% 1lower values. This
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reflects the constant airflow taking place in the period. The
40% decrease 1in SO, between Frederiksborg and Aspvreten seems
reasonable for a transport time of 18 hours.

4.4 EPISODE EIV, 26 TO 29 OCTOBER

The trajectories to Frederiksborg originated from continental
Europe, while the other stations received North Sea air. A 1low
pressure centre and a frontal system affected some of the
trajectories a lot.

4.5 CLEAN ATR EPTISODES 28 TO 30 AUGUST AND 29 SEPTEMBER TO
4 OCTOBER

All trajectories originated from the North Sea. The air reached
the measurement stations without passing any heavily polluted

areas.

5 THEORETICAL INTERPRETATION OF THE MEASUREMENTS DURING THE
AUGUST-OCTOBER 1989 TIME PERIOD

5.1 MODEL DESCRIPTION

The model used is a version of the EMEP model incorporating
photochemical oxidants. It is a one layer trajectory model for
the atmospheric boundary layer. 96 h back trajectories from the
5 measuring sites were calculated every 6 h using winds for the
0.925 sigma-level (approx. 700 m) from the NWP model at The

Norwegian Meteorological Institute. The concentration of each
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chemical compound in the model was calculated along the

trajectories from the continuity equation.

E; Wy

Where c¢; 1is the concentration, P and Lc; the chemical produc-
;i is the emission (of SO, , NO, and NMHC),
Vg 1is the dry removal velocity, h mixing height, X\ is the sca-
venging coeffient and P6 is the 6-hourly rainfall amount. The

tion and loss terms, E

39x37 grid points EMEP model area is shown in Figure 5.1. The
grid distance is 150 km at 60N latitude.

Figure 5.1: EMEP grid area with transport sector allocation
example.

Emissions of §S0,, NO, and NMHC were needed for Europe on the
EMEP grid. The national figures used for anthropogenic emis-
sions are shown in Table 5.1, representative for 1985. For most
countries the data are based on officially submitted figures to
the ECE Secretariat up to 31 August 1990 for NO,, while for SO,
the data are based on ECE information reported by Iversen et
al., (Iversen et al., 1990).
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Table 5.1: EMEP emissions, as for 1988.

S0, NO, voc
Albania 25 9 33
Austria 85 230 251
Belgium 225 281 339
Bulgaria 570 11510 167
Czechoslovakia 17 57 1127 400
Denmark 170 2/518 148
Finland 185 251 145
France 870 1615 1877
German Dem. Rep. 2500 9i5i5 SiS10
Germany, Fed.Rep. of 1200 2950 2644
Greece 180 746 130
Hungary 710 262 166
Iceland 3 12 12
Ireland 69 68 77
Italy 1252 15,9:5 1566
Luxembourg 7 19 18
Netherlands 138 544 459
Norway 49 203 174
Poland 21,510 1500 700
Portugal 134 96 172
Romania 100 380 386
Spain 1603 950 843
Sweden 1§35 394 444
Switzerland 48 214 3819
Turkey 161 175 263
USSR (European) 5550 3369 8056
United Kingdom 1780 2278 1760
Yugoslavia Ua2hS 190 291
Total 22199 20831 22403

Natural emissions of nonmethane hydrocarbons were estimated on
the basis of the aggregate formulae for deciduous trees propo-
sed by Liibkert and Schépp (1989):

Bhlea = 3:.418 Fee 1001T-1.38 (3.2)
Where temperature T is in °C and fc is the forest coverage. The
forest coverage in each EMEP grid cell was derived mainly from
the TIIASA forest cover data base (Libkert and Schdpp, 1989).
Only deciduous tree emission (isoprene) was considered,

emissions from coniferous trees are made up mainly of terpenes
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and have probably only negligible influence on the atmospheric
boundary layer chemistry outside the tree canopies, although
different opinions can be found about this matter (see e.q.
Cardelino and Chameides, 1990; Atherton and Penner, 1990).

In the calculations it was assumed that the anthropogenic NMHC
emissions were represented as 30% ethane (by volume), 20% as
butane (by volume), 20% (by volume) as ethene, 10% (by volume)

as propene and 20% (by volume) as o-xylene.

5.2 MODEL CHEMISTRY AND PHYSICS

The chemical part of the model consists of about 100 chemical
reactions involving 45 different chemical species. The emitted
species are NO, NO,, SO, CO, ethane, ethene, propene, n-butane,
o-xylene and isoprene. A complete description of the chemistry

in the model is given by Simpson and Hov (1990).

Photolysis rate coefficients D, where index denotes species,
were calculated on the basis of the equations:

b.

1
cosb

D =a.

i i exp(- ) [1-c; (Xycloudy +Xy cloudy +X cloud, )] (5.3)

8 is the solar zenith angle, cloud,; is the fraction of the sky
covered by high clouds, cloudy medium clouds and cloud, 1low
clouds (cirrus, a mixture of altostratus and altocumulus, and
stratus, respectively). The coefficeints a, and b; were calcu-
lated for every photolytic process for every 5° latitude and
for every month where the average ozone column for that lati-
tude and season as specified by Hough and Woods (1988) on the
basis of SBUV measurements on Nimbus 7 for the period 1978-
1987. The radiation transfer and the photolysis rate coeffi-
cient calculation from the a; and b; values were derived fol-
lowing the procedure outlined by Hough (1988) where also the
absorption cross section data and solar flux spectrally distri-
buted at the outer edge of the atmosphere are specified and

referenced. c. describes the species specific dependence of

1
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photolysis rates on cloud cover, and is a function of the wave-
of the The

solar flux varies from 90% for cirrostratus

length dependence transmission through clouds.
transmission of
(thus x,=0.1 in the equation) to 50% for altostratus/altocumu-

lus (Xy=0.5) and 25% for stratus (X =0.75), reflecting the dif-

ferent optical thickness for different cloud types (Hough
1988).
A set of concentrations from calculations involving only small

amounts of anthropogenic emissions were applied as initial

concentrations in the calculations (Table 5.2).
Two different sets of aloft concentrations were used, one over
land and one over sea, the last set being
luted. The

concentrations, adjusted

slightly 1less pol-

concentrations were established from the initial

on the basis of monthly averaged

diurnal O; maximum observed at Birkenes, thus giving a set of
with

averaged diurnal O; maximum was found to have a rather

aloft concentrations that wvaries season. The measured

monthly
minimum

smooth annual variation with a in November/December

(27.5 ppb) and a maximum in May (57.1 ppb).

Table 5.2: Initial concentrations used in the model.
NO 0.016 ppb CHy 1372.5 ppbC CoHg .53 ppbC
NO, 0.15 ppb CoHy 0.038 ppbC o-xylene .024 ppbC
03 54.90 ppb 2HC 4.050 ppbC
Exchange of pollutants between the boundary layer and the free

troposphere in the model takes place at 12 GMT. It

tion

of the

difference in mixing height obtained from radio-

is

a

func-
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sonde reports and the mixing height calculated as the air

parcel moves along the trajectory, which is calculated from

h(t,) = h, + }:2 w(t)dt (5.4)
6

Where h; is the 12 GMT value, and w is the vertical velocity
obtained from the NWP-model. The calculated mixing height one
day later (t,=t,+24h) is h(t,), which can either be smaller or
larger then the objectively analyzed mixing height h,. If
h,>h(t,) there is dilution of boundary layer air and the
concentration ¢,z of the boundary layer air is modified

according to

& h(t h(t
CagL (£2) = Cupr (&) - _r(l?z‘)'*'ca (1 ‘_1(1?2‘)' ) (5.5)
where c¢, 1is the aloft (free tropospheric) concentration. If

h,<h(t,), then the atmospheric boundary layer (ABL) concentrat-
ion is not modified (Eliassen and Saltbones, 1983).

Data for the wind (925mb), atmospheric stability, temperature,
relative humidity, precipitation and cloud cover were provided
from the numerical weather forecast model at the Norwegian Met-
eorological Institute and from observations. Radiosonde obser-
vations were objectively analyzed to give 12 GMT Eulerian
fields, and over land observed precipitation amounts every 6h
were adopted rather than calculated amounts, since the 150 km
grid NWP model underpredicts in particular summer (convective)

precipitation.

Dry deposition velocities used in the model, representative of
1 m height, and scavenging ratios, are given in Table 5.3. The
dry deposition velocities applied in the model to the atmos-
pheric boundary layer average concentrations, were modified on
the basis of season, latitude and atmospheric stability
according to the procedure outlined by Hov et al.(1988) and
Iversen et al. (1989).
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Table 5.3: Dry and wet deposition parameters employed in the
model.

Summer daytime 1 m height dry deposition velocity (cm/s) Washout coefficients

Ozone 0.5 S0, 0.8 N0, 0.4 0, 2.0°10° HNO;  1.4-106
PAN 0.2 HNO3 diffusion controlled H0p 1.4-106 CHOMH 1.4-108

5.3 TRANSPORT SECTOR ALLOCATION

In Figure 5.1 1is shown the allocation of a transport sector
(numbered 1-8) to a particular trajectory. If more than 50% of
the coordinates of the trajectory between 1500 and 150 km of
the receptor point lie within the same sector, the trajectory
is allocated to that sector, otherwise undetermined

(numbered 9).

5.4 RESULTS

Attention will be paid in particular to the episodes described

in previous chapters.

In Figure 5.2 is shown an example of a 5 day trajectory for one
episode. Similar examples for all episodes are given in Appen-
diss ITT.

I Figure 5.3 is shown calculated and measured daily values for
SO, at one station. Similar figures are given for all the
5 Nordic sites in Appendix III. At all sites, during the four
episodes the calculated SO, concentrations are higher than, or
comparable to, the measured concentrations, while the calcula-
ted concentrations are low during the clean air "episodes".
This indicates that the general transport picture during the

episodes is quite well understood.

In Figure 5.4 is shown a similar example for NO, . Figures for

all the 5 sites are given in Appendix III. Several of the peaks
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in S0, do not correspond to similar peaks in NO,, see e.q.
Birkenes 10 August, around 20 September and Aspvreten around 20
August. 1In general calculated values of NO, are lower than

measured, while for SO, it is opposite.

In Figure 5.5 is shown the comparison of measurements and cal-
culations for ozone for one site. Similar figures for all sites
are given in Appendix III. It can be seen that episode EI also
was a photochemical episode, particulary well shown at the two
Swedish and the Danish site. Episode EII did not contain the
same photochemical activity, while the content of primary pol-
lutants was quite high (in particular at Frederiksborg). 15-21
October (EII) was characterized by low ozone values and high

values of primary pollutants.

In Figure 5.6 is shown the comparison of measurements and cal-
culations for PAN for one site. Similar figures for all sites
are given 1in Appendix III. In non-episodic conditions the
levels are typically 0.2 ppb, while the maximum hourly value
approaches 3 ppb at Frederiksborg (11 August). There is a cor-

relation between high ozone and high PAN.
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150 KM TRAJECTORIES
START 17:09: 1989 12 GMT
TO 22: 09: 1989 12 GMT
925 HPA ANALYSIS.
MARKING EVERY 6. HOUR
FROM THE NORWEGIAN

METEORLOGICAL INSTITUTE

FPigure 5.2:
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Example of 5 day trajectories during episode EII.
Similar plots for both polluted and clean episodes
are presented in Appendix III, Figures AIII.l.a -
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Figure 5.3: Examples of calculated (dashed) and measured (full

line) concentrations of SO, on a daily basis,
measured at Aspvreten. Transport sector allocation
is indicated in the calculated concentration curve.
Similar figures for all the stations are given in
Appendix III, Figures AIII.2.a-AIII2.e.
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Figure 5.4:

Figure 5.5:
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measured at ROrvik. Transport sector allocation is
indicated in the calculated concentration curve.
Similar figures for all the stations are given in
Appendix III, Figures AIII.3.a-AIII3.e.
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measured at Utd. Transport sector allocation is
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Similar figures for all the stations are given in

Appendix III, Figures AIII.3.a-AIII3.e.
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Examples of calculated (dashed) and measured (full
line) concentrations of PAN on a daily basis, mea-
sured at Birkenes. Transport sector allocation is
indicated in the calculated concentration curve.
Similar figures for all the stations are given in
Appendix III, Figures AIII.3.a-AIII3.e.
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6 DIURNAL VARIATIONS

One way of analyzing the diurnal variation is to look at the
time of the daily maximum. Figure 6.1 shows the number of occa-
sions when the daily maximum falls at each of the 24 hours,
using data from both normal, clean and polluted periods. The
example shown in Fig. 6.1 is from Aspvreten. Ozone showed a
distribution centered around the time of the solar noon. PAN
had a broader distribution with a less well-defined maximum.

The diurnal variation was also analyzed by plotting (Fig. 6.2)
the deviation from the daily mean averaged for each hour for
each type of period (normal, clean and polluted). For ozone
there was a broad maximum in the afternoon, but there was
seemingly no difference between the polluted, the normal and
the clean air periods. For PAN the variation was 1less pro-
nounced, but the data from Aspvreten and Frederiksborg showed a

larger deviation during the polluted episodes.

The mean value of the daily range, i.e. the difference between
the maximum and minimum value, was also analyzed using all
data. For ozone the mean was around 50 for 4 stations and 30
for Ut6. For PAN the mean was 0.15 for Aspvreten, Birkenes and
Utd and 0.3 for Frederiksborg and Rorvik. The distribution of
the daily maxima did not change, when the 1lower 40% of the
ranges were taken out. The covariation between ozone and PAN
was analyzed by plotting the hour of the daily maximum and the
maximum-values against each other. Data from Aspvreten are
shown as an example in Fig. 6.3. The plot of the times shows
very little correlation for all the stations, even when the
data are separated into pollution and clean air periods. Thus
there seems to be no systematic time lag between the occurren-
cies of daily maximal values of ozone and PAN. For the maximum
values there was a tendency to high PAN concentration, when the
ozone was high, but there were also high values of PAN with low

ozone.
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To study the variations of NO, between day and night, samples
were collected through 12 h. The variation of NO, was analyzed
by computing the natural 1logarithm of the ratio between the
daytime and nighttime concentrations. A plot (Fig. 6.4) of
these logarithms as a function of time shows only a fluctuation
around a positive average. As a monthly average, the night-time
concentration is between 0 and 30% higher than the day-time
concentration (in October up to 20% lower). No connection was
found between these fluctuations and the polluted or clean air
episodes. It is therefore concluded that 12-hour samples of NO,
do not «contain significantly more information than 24-hour

samples.

A complete set of figures can be found in Appendix IV.
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Figure 6.1: Time of daily PAN and ozone maxima at Aspvreten.
Similar figures for the other stations are given in

Appendix IV.
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Figure 6.2: Deviation from daily mean of PAN and ozone at
Frederiksborg. Similar figures for the other
stations are given in Appendix IV.
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Figure 6.3: Maximum concentration in pg N/m3 of PAN, and time
of maximum for PAN at Aspvreten. Similar figures
for the other stations are given in Appendix IV.
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7 FURTHER WORK

Further work will be carried out to analyse the measured and

calculated data. This will be reported elsewhere, and includes

- Analysis of S-, N- and NMHC-budgets at the receptor points on
a daily basis or shorter if the measurements have a better
time resolution, including assessment of the role of dry and
wet deposition along the trajectories in removing N- and
S-compounds.

-~ Similar analysis on a monthly basis.

- Diurnal variation of PAN in different pollution regimes,
based on the measured data.

- Comparison of measured and calculated NMHC at Birkenes and
ROrvik, conclusions on emission inventory speciation and

emission intensities.

8 THE WORKSHOP

8.1 PURPOSE

The NMR measurement campaigns yield large amounts of primary
measurement data. In previous cooperative NMR projects, the
participants have evaluated their own measurement data locally,
and presented the final results to each other. To identify and
describe episodes on an international scale, the participants
needed to study measurement data from all the stations at an
early point of time in the evaluation process. By organizing a
workshop, the participants also had the possibility to compare
and discuss the measurement data and plan the subsequent eva-

luation process.

The participants use different computer software for measure-
ment data reduction and evaluation. Most measurement data pro-
cessing has previously been performed by batch processing on

large computers. The workshop was also intended to be a pilot
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project in measurement data exchange and evaluation using per-
sonal computers and interactive spreadsheet software.

8.2 EQUIPMENT AND SOFTWARE

Three personal computers were used for the workshop. The main
data base was placed in an IBM PC/AT-compatible computer with
an 80286 processor, an 80287 coprocessor, 4 Mb RAM, 40 Mb disc,
5 1/4" 1,2 Mb diskette drive, 3,5" 1,4 Mb diskette drive and a
NEC P6+ pinwriter. Also available was a 80386- based computer
with almost identical equipment. Both machines were running MS
WINDOWS 2.11 and Microsoft EXCEL 2.10 spreadsheet. The main
machine was also equipped with MS WORD for WINDOWS text pro-
cessing program. The third PC was running the SAS database and

graphical software.

8.3 PREPARATIONS

By the end of February 1990 the participants received a
description of the data exchange formats and file formats
required for efficient exchange of the measurement data. Measu-
rement data were sent on diskettes in ASCII or EXCEL files.
ASCII files were read into the spreadsheet, parsed, and saved
as spreadsheet files. 1In some cases the measurement units were
different from those previously agreed upon, and the data had
to be converted. Deviations from a monotonous time scale were
corrected. In some cases, the original tables were interrupted
by month or day headings, that had to be removed. In other
cases, missing data had been left out completely instead of
being coded as missing. After these corrections, the files
could be merged and column headings added. The file conversion
process proved to be quite timeconsuming. Some measurement data
were also converted and transferred to the data base on the
first day of the workshop.
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Based on the merged data files, some graphical representations
were prepared before the workshop. When the data base had been
completed on the first day of the workshop, these graphs could
be quickly updated and printed out to present an overview of

the measurement data material.

An extensive package of trajectory maps for air masses that
arrived in the 5 stations had been prepared before the work-
shop. For each station the trajectories were plotted 5 days
back, and for two arrival times every day. For periods that
were expected to contain interesting episodes, the trajectories
were computed for 4 arrival times per day. Precipitation and

mixing heights were presented in grid maps for every day.

8.4 AGENDA

A detailed agenda was not made before the workshop. The
participants needed to experiment with this form of coopera-
tion. The participants settled into a rhythm with 3 - 4 hour
work shifts totalling about 10 hours per day. The 1last hour
before dinner every day was dedicated to a strategy meeting.

The first half day was used for travelling to the workshop.
During the rest of this day the equipment was installed, and
the 1last data were converted and entered into the data base.
The next two days were full working days. On the 1last day we

had a short work session, before packing the equipment.

8.5 PRELIMINARY RESULTS

In the overview plots episodes could easily be seen for each
separate measurement station. Comparing similar plots from
different stations quickly revealed large scale episodes. The
trajectory maps were then used to confirm the assumptions and

further characterize the identified episodes.
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The next step was to create graphic representations of selected
component concentrations during the episodes. Two different
approaches were needed; simultaneous display of several com-
ponents at one station, and simultaneous display of one
component for several stations. In this phase we found that the
data base needed re-structuring. Data base column headings
should include 1lines of text that will automatically be
included 1in the graphic representations as headings and
comments. The efficiency of this phase was not as good as
expected, due to speed limitations of computers and printers.
We also found that some of the tasks should be automated by
spreedsheet macro programs. There was not time to write these
macros during the workshop. Graphic representations of
statistical computations based on multiple parameters were more
easily created on the spot in SAS, but transfer of data files

to the SAS system caused some trouble in the beginning.

During the workshop, the participants were able to get the
required overview of the data material. Furthermore, we learned
how to structure the data for efficient handling in a spread-
sheet program, and we learned how to exchange measurement data
between the participants for spreadsheet use. The fundament for

a common spreadsheet measurement data tool pack was built.

8.6 REPORTING

On the 1last day of the workshop an outline of the report was
discussed and agreed upon. Tasks were distributed between the
participants. The present report is intended for internal NMR
use. A condensed version will be submitted for publication in
an international journal.
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9 CUSTOM CHARTING TOOLS

The charting facilities in a spreadsheet like EXCEL provide
extensive possibilities for experimentation and prototyping.
Data may be viewed in different ways and evaluated quickly. The
spreadsheet also allows statistical computations to be proto-
typed and the results charted very quickly. Efficient use of
these facilities however requires extensive knowledge of the
software and 1its limitations. The main limitation is the 1lack
of a relational database and its tools for selecting data that
fulfil given criteria. Similar functions are available also in
a spreadsheet, but these are not very powerful, and are compli-
cated to wuse. Relational database programs presently do not
include wusable charting tools and spreadsheet functions.
Computations must in many cases be written in a standard
programming language, compiled, and 1linked to the database
application. Results of a search must often be exported to a
spreadsheet program for further computations and charting.
Macro program facilities in the spreadsheets are extensive, but
may be complicated to write and debug. Specialized statistical
computation and charting packages 1like STATGRAPHICS have
excellent statistical function libraries, good charting facili-

ties, but no relational database support.

In short, relational database applications are easily auto-
mated, but do not have internal resources for computations and
charting. Spreadsheet applications have extensive computation
and charting facilities, but are difficult to automate. The NMR
workshop was based on spreadsheets. An efficient way to struc-
ture the data and the computing sheets was found. After the
workshop these results have been implemented in a functional

tool pack.
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10 DATA EXCHANGE FORMATS

In order to enter measurement data into a common spreadsheet
database, file contents, file formats, and diskette formats

according to the definitions below should be employed.

Diskettes should be 5,25" or 3,5", any density readable by a
PC/AT, and readable by MS-DOS 3.0 or higher.

File formats may be common spreadsheet formats (*.XLS, *.WK1,
* ,WK2), dBASE II or III format (*.DBF) or ASCII. ASCII files
must be space or tab delimited with straight columns, all text
left or right justified in the columns. In ASCII files decimal

points should be included in the correct positions.

The group has used three different file content definitions for

l-hour data, 12- hour data and 24-hour data, respectively.

10.1 1-HOUR DATA

PAN and ozone are reported as 1l-hour data. One file should
contain one column for each parameter and station. The column
has a 7 line heading, and 1 line for each hour in the entire
month. There should be no interruptions by day or week
headings. The first heading line identifies both the station
and the parameter. The station is identified by a two letter
code and is separated from the parameter name by an underscore
character. The next 3 1lines are texts to be used in graphic
representations, they give parameter name, measurement unit,
and station name, respectively. The next 3 lines are free for

future use if additional texts are needed.

The date and hour should be defined in two columns as shown
below. These columns need not be complete. They will not be
copied into the database, but serve to identify the measurement

data for correct placement in the database.
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All times are given in GMT (no daylight saving time or "summer
time"). The first hour in the day is hour 00, the last is hour
2:3% Hour 00 starts at 23:30 the previous day and ends at
00:30. Missing data should be left as blank fields, or they may
contain a dot (SAS format) or the EXCEL error message #N/A. The
time column must be kept continuous even if many data elements

are missing. Always include a line for each missing element.

A small part of such a file is shown in table 10.1 below (in an
ASCII file there are no grid lines, but the text formatting may
be identical). A list of parameters and corresponding units and

number of decimals is given in Chapter 2.

Table 10.1: Example of 1-hour data file.

DATE DAY HOUR BI_OZONE BI_PAN RV_0ZONE

Ozone PAN Ozone

g /m3 Hg N m3 g /m3

Birkenes Birkenes Rorvik

890801 1 00:00 40 0,023 65

890301 1 01:00 34 0,024 73

890801 1 02:00 38 0,020 67

10.2 12-HOUR DATA

NO2 1is reported as 12-hour data in files that are very similar
to the 1-hour data files above. Separate columns are dedicated

to start date, start time, end date, and end time for each mea-
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surement data field. The half-hour shift that is employed for
1-hour data, 1is not used for 12-hour data. The measurement
periods start at 06:00 GMT and 18:00 GMT.

Table 10.2: Example of 12-hour data file.

START START END END BI_NO2 _KI

DATE TIME DATE TIME NO02-KI

GMT GMT Hg N/m.

Birkenes

890801 06:00 890801 18:00 0,13

890801 18:00 830802 06:00 0,35

890802 06:00 890802 18:00 0,38

10.3 24-HOUR DATA

The remaining parameters (both for air and for precipitation)
are available as 24- hour data. The file is equal to the EMEP
reporting form except for the headings, the space between
columns, and the decimal commas. The order of the columns is
not significant. The columns may be sorted in the spreadsheet
after merging. A small part of such a file is shown in table
10.3 below. (An ASCII equivalent would have all columns left or
right justified, the spreadsheet commonly left Jjustifies text

and right justifies numbers.)
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Table 10.3:

Example of 24-hour data file.

DATE

BI_NO2

BI_HNO2

BI_S02

BI_HNO3

NO2

HNO2

S02

HNO3

Hg N/m3

Hg N/m3

Hg S/m3

Hg N/m3

Birkenes

Birkenes

Birkenes

Birkenes

8380801

0),. 282

0,073

0,153

890802

0,234

0,142

890803

0,241

01317

0,091

11 NMR SPREADSHEET TOOL PACK

A number of graphic templates and macros were used for initial

data presentation and evaluation. These were written under

EXCEL version 2.1. The
Appendix V.

macros and templates are given in
The macros automatically produce monthly overview

plots of all data in the files.
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APPENDIX I
NMR campaign 1989 - data files

All parameters are given as 24 hour means. Parameters measured
on 12 hour or one-hour basis have been converted to 24 hour

data and included in these files. The files are created in the
EXCEL spreadsheet program.
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APPENDIX II

Overview plots of chemical parameters

Fig. AII.1l: SO,

Fig. AIT.2: SO,

Fig. AXT.3y Mo,

Fig. AII.4: Total NO,
Fig. AII.5: Total NH,
Fig. AII.6: Ozone
Fig. AII.7: PAN

The plots for total NO; and PAN are also given as
figures 4.1 and 4.2 in the report.
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Fig. AII.6: Overview plots for ozone.
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Results from model calculations.
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150 KM TRAJECTORIES
START 16: 08: 1989 12 GMT
TO 21: 08: 1989 12 GMT

925 HPA ANALYSIS.
MARKING EVERY 6. HOUR
FROM THE NORWEGIAN
METEORLOGICAL INSTITUTE

Figure AIII.l.a: Example of 5 day trajectories during episode
EI.

150 KM TRAJECTORIES
START 24:08: 1989 12 GMT
TO 29: 08: 1989 12 GMT

925 HPA ANALYSIS.
MARKING EVERY 6. HOUR
FROM THE NORWEGIAN
METEORLOGICAL INSTITUTE

Figure AIII.1l.b: Example of 5 day trajectories during clean air
episode CI.
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150 KM TRAJECTORIES
START 17:09: 1989 12 GMT
TO 22: 09: 1989 12 GMT

925 HPA ANALYSIS.
MARKING EVERY 6. HOUR
FROM THE NORWEGIAN
METEORLOGICAL INSTITUTE

Figure AIII.l.c: Example of 5 day trajectories during episode
EJ;

150 KM TRAJECTORIES
START 25:09: 1989 12 GMT
TO 30: 09: 1989 12 GMT

925 HPA ANALYSIS.
MARKING EVERY 6. HOUR
FROM THE NORWEGIAN
METEORLOGICAL INSTITUTE

Figure AIII.1l.d: Example of 5 day trajectories during clean air
episode CII.
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150 KM TRAJECTORIES
START 14:10: 1989 12 GMT

1 TO 19:10: 1989 12 GMT

925 HPA ANALYSIS.
MARKING EVERY 6. HOUR
FROM THE NORWEGIAN
METEORLOGICAL INSTITUTE

Figure AIII.l.e: Example of 5 day trajectories during episode
BLLY.

x

150 KM TRAJECTORIES
START 23: 10: 1989 12 GMT
TO 28: 10: 1989 12 GMT

925 HPA ANALYSIS.
MARKING EVERY 6. HOUR
FROM THE NORWEGIAN
METEORLOGICAL INSTITUTE

Figure AIII.1l.f: Example of 5 day trajectories during episode
EIV.
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Figure AIII.2.a:

Calculated (dashed) and measured (full line)
concentrations of SO, on a daily basis, measu-
red at Aspvreten. Transport sector allocation

is indicated in the calculated curve.
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Figure AIII.2.b: Calculated

(dashed) and measured (full line)
concentrations of SO, on a daily basis, measu-
red at Birkenes. Transport sector allocation
is indicated in the calculated curve.
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Figure AIII.2.c: Calculated (dashed)
concentrations of SO,
red at Frederiksborg.

and measured (full line)
on a daily basis, measu-
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tion is indicated in the calculated curve.
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Figure AIII.2.d: Calculated (dashed)
concentrations of SO,
red

and measured (full line)
on a daily basis, measu-

at ROrvik. Transport sector allocation is

indicated in the calculated curve.
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Figure AIII.2.e: Calculated (dashed) and measured (full line)
concentrations of SO, on a daily basis, measu-
red at Utd. Transport sector allocation is
indicated in the calculated curve.



e

12.00 -

NO, pg N/m?
[0 9]
o
o

R O O OO R (Ol |

A
(@]
(@]
1
s

O  VO VRTO y  T

0.00

& i 20 25 30 05 10 15 20 25 30 05 10 15 20 25 30
e SeP oct

Figure AIII.3.a: Calculated (dashed) and measured (full line)
concentrations of NO, on a daily basis, measu-
red at Aspvreten. Transport sector allocation
is indicated in the calculated curve.
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Figure AIII.3.b: Calculated (dashed) and measured (full line)
concentrations of NO, on a daily basis, measu-
red at Birkenes. Transport sector allocation
is indicated in the calculated curve.
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Figure AIIX.3.c: Calculated (dashed) and measured (full line)
concentrations of NO, on a daily basis, measu-
red at Frederiksborg. Transport sector alloca-
tion is indicated in the calculated curve.
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Figure AIII.3.d: Calculated (dashed) and measured (full line)
concentrations of NO, on a daily basis, measu-
red at ROrvik. Transport sector allocation is
indicated in the calculated curve.
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Figure AIII.4.a: Calculated (dashed) and measured (full line)
concentrations of ozone on a daily basis, mea-
sured at Aspvreten. Transport sector alloca-
tion is indicated in the calculated curve.
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Figure AIII.4.b: Calculated (dashed) and measured (full line)
concentrations of ozone on a daily basis, mea-
sured at Birkenes. Transport sector alloca-
tion is indicated in the calculated curve.
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Figure AIII.4.c: Calculated (dashed) and measured (full line)
concentrations of ozone on a daily basis, mea-
sured at Frederiksborg. Transport sector allo-
cation is indicated in the calculated curve.
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Figure AIII.4.d: Calculated (dashed) and measured (full line)
concentrations of ozone on a daily basis, mea-
sured at Roérvik. Transport sector allocation
is indicated in the calculated curve.
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Figure AIII.4.e: Calculated (dashed) and measured (full line)
concentrations of ozone on a daily basis, mea-
sured at Utd. Transport sector allocation is
indicated in the calculated curve.
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Figure AIII.5.a: Calculated (dashed)

concentrations of PAN

sured at Aspvreten.
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and measured (full line)
on a daily basis, mea-

Transport sector alloca-

the calculated curve.
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Figure AIII.5.b: Calculated (dashed)
concentrations of PAN
sured at Birkenes.
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on a daily basis, mea-

Transport sector alloca-

the calculated curve.
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Figure AIII.S5.c: Calculated (dashed) and measured (full line)
' concentrations of PAN on a daily basis, mea-
sured at Frederiksborg. Transport sector allo-

cation is indicated in the calculated curve.
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Figure AIII.5.d: Calculated (dashed) and measured (full line)
concentrations of PAN on a daily basis, nea-
sured at Rorvik. Transport sector allocation
is indicated in the calculated curve.
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APPENDIX IV

Complete set of figures displaying
diurnal variations in the data material.

See Chapter 6 for explanations.
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APPENDIX V

Spreadsheet toolpack listings






1100

EMEP_1.XLC
|
Hg N/m* B | RKE NE S NO2
10
8
6
4
2
0 E
890801 890808 890815 890822 890829

Page 1 12.03.91 13:57



112

EMEPMACT XIM

1 2 3l4l 5 6 7
1 [NMR EMEP-DATA GRAPHICS MACRO Bl so2 |20
2 |Generates pictures similar to the one contained in the ! FR NO2 10
8 |template file defined beiow. Generates one picture for each ! RV INH3 |5
4 |month from FIRST to LAST, each station in the list in column AS SO4 10 |
§ |E, and each parameter listed in column F. Edit these IUT  INH4 5 |
8 jcolumns and input variables in the list below betfore starting = iSLUTT 'T_NQ_(? 5
7 ithe macro. (Variable names are written in capitals.) i | — _Tl\lﬂt}_i 1§—
8 : SLUTT |
9 e —p Brsnmnese o = ; S
10 o ST TR ’T'j_* _’”’: = L
11 o S TAE D -
12 |CTRL A Keys used to start the macro. ' i B L B __ m|
13 ! == P
14 |INPUT VARIABLES: ' AT =
15 | e =1
16 [EMEP_1.XLC GR_MAL name of graphics templ.| | | | ¥
17 |EMEP_GRXAS BER_MAL nameofcalosheet | | | | 4 ]
18 [EMEP_ CORE of month file name Lt I
19 |8 FIRST month to be handled __'_‘y L T
20 |8 LAST month to be handled % ! |
21 45 el 1)
2 ] j |
28 [COMPUTED VARIABLES: | |
24 2 g l
25 . |MONTH loop counter I . i
26 |1 STNR loop counter ) | i_
27 |8t STCODE 2 character station code_j_i__'l_ S SN
28 (4 PARCOUNT parameter counter | | |
29 |SO4 PARNAME parameter name ' 1 i = |
30 |EMEP_08XLS MFILE complete name of month fil ) |
31 [TRUE = AVAILABLE TRUE if parameter | | '
32 S is found [ i ! L B
88 [NAME UST: 4 . A
34 j ;
35 |[AVAILABLE $A$31 ] 0 —
88 |BER_MAL $A$17 0| ! o L T
37 |CORE =$A$18 R
38 |FIRST S$A$19 — o i
39 |GR_MAL I s =$A$16 o i S -
40 [LAST -  [=$As20 e !
avAE S A0 el T
42 [MONTH =8 o , i
43 |PARCOUNT =$AS28 0 T
44 [PARUIST $F$F 0 | :
45 [PARNAME =$A$29 ol W
46 [SCALE =%$G3$G ik 1 ]
47 [START =$A$53 — 2fal S -
48 |[STCODE =$A$27 = ary — 1 I
49 |STUST S$ESE ol | i
50 |STNR $A$26 0 B
51 Pl -
52 { & I |

. o] = |

53 [START T A 4 g e i
A & !
55 |=CALCULATION(3:FALSE :TRUE:) | ey e
58 |=OPEN(BER_MAL.0:TRUE) - s 58 S IR A
57 |=MOVE(200;1) o I R i N A
58 |=SIZE(150,50) i LA l
58 [=OPEN(GR_MAL0;TRUE) “def i ¢
60 |=SIZE(410;180) L i
81 |=MOVE(1:80) LEE ]
62 |=PAGE.SETUP("&F;"Page & &D &T°,0,5:1;1:1;1) Jr, ! |
&3 = B U
64 | |
65 | =FOR("MONTH";FIRST.LAST) - - D - 1 =1

Page 1 12.3.91 14:01



EMEPMAC1 XM 113

1 2 3[4l 5 | 6 7
66 !
87 |=SET VALUE(MFILE;CORE&TEXT(MONTH;"00")&" XLS") =0 'T"f'"': :_ e e
68 |~OPEN(MFILE) 30| ]
69 | -MOVE(360,1) ! :
70 |=SIZE(100:50) § 1 R T
71 |=SET VALUE(STNR:1) i ]
72 |=SET VALUE(STCODEINDEX(STUSTSTNR) o
73 | ' |
74 |“WHILE(NOT(STCODE="SLUTT")) . — B f“ 1
75 |=ACTIVATE(BER_MAL) — T 3 5
76 [=SELECT("STASJON") vl '
77 |*FORMULA("=EMEPMAC1 XLMISTCODE") ) 83, ! Ji
78 | =SELECT("FLL") L i i
79 | =FORMULA("=EMEPMAC1 XLMIMFILE") [N E | iy
80 |=SET VALUE(PARCOUNT.1) ___ T } 1 —
81 {=SET.VALUE(PARNAME;INDEX(PARLIST,PARCOUNT)) N il ! * .
82 [ 11
83 | “WHILE(NOT(PARNAME="SLUTT")) = T
84 |=ACTIVATE(BER_MAL) ¥ S A
85 |~SELECT(-PARAM") e
88 | =FORMULA("=EMEPMAC1 XLMIPARNAME") 15 et e 2
87 | =CALCULATE DOCUMENT() e
88 |=ACTIVATE(GR_MAL) i i ’
89 | =SELECT(*Axis 1) SN 1 S S—— )
90 | =SCALE(0;INDEX(SCALE ;PARCOUNT)) ! i
91 ] B il
02 {
93 |=SET.VALUE(AVAILABLE ; CANMR\KAMPSAHOUR2HNEMEP_GR XLS'ITES]COMMAND DOES NOT ACCEPT =
94 | =IF(AVAILABLE PRINT(1;;;1:FALSE;FALSE 1)) NAME BER_MAL?! !
95 [=SET VALUE(PARCOUNT,;PARCOUNT+1) 1 i
96 |=SET.VALUE(PARNAME:INDEX(PARLIST;PARCOUNT)) ) N
97 }
88 |-NEXT() .
99 B : i
100|=SET VALUE(STNR:STNR+1) 1 ! i
101|=SET VALUE(STCODE;NDEX(STLIST STNR)) prme SR § i S ==
102 ; L i I T
10| =NEXT() rh [ =
104 1 ‘ |
105|=ACTIVATE(MFILE) o _A{'_'_'l_'_wh_ | —_—
108|=CLOSE(FALSE) 5
107 i F ]
108]=NEXT() | ! ‘
109 Pl .
110|=ACTIVATE(BER_MAL) B | L
111]=CLOSE(FALSE) 8 T
112|=ACTIVATE(GR_MAL) L e e
113[=CLOSE(FALSE) i - i
114 <CALCULATION(1FALSE;, TRUE ) 1 ]
115 B XN il
1168|=RETURNQ —f

Page 2 12.3.91 14:
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L4 HG_1.XLC

0ZONE RORVIK PAN

pg/m* OZONE SHADED PAN OUTLINED Mg N/m?
200 2,00
150 1,50
100 | 1,00

50 0,50

0. . L F i | 4 A : i

g908M 890808 890815 890822 890829
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HOURMAC1 XLM

115

A

NMR TIMEDATA GRAFIKKMACRO

Genererer grafer av samme sort som

den som er navngitt nedenfor.

Genererer grafer for maned FIRST til

LAST for alle stasjoner i listen i kolonne E.

Input -data skrives i forste kolonne

til venstre for variabelnavnene

(variabelnavnene er skrevet med store

DI |~N|[O|N|Dd|WIN|—

bokstaver). Rediger ogsA stasjons-

listen i kolonne E for kjoring.

CTRLA

| Tastetrykk for start av macroen

INPUT VARIABLE:

HG_1.XLC

GR_MAL navn pa grafikk-mal

HOUR_GR.XLS

BER_MAL navn p4 beregningsark | |

HOUR_

CORE i manedsfilnavn

8

FIRST maned som behandles

10

LAST maned som behandlies

BEREGNEDE VARIABLE:

MONTH lokketeller

6

STNR Igkketeller

SLUTT

STCODE 2 bokst. stasjonskode

HOUR_10.XLS

MFILE komplett navn pa ménedsfil ._

|

NAVNELISTE:

.__t_.._..

BER_MAL

=$A$17

CORE

=$A%$18

FIRST

=$A%19

GR_MAL

=$A%16

LAST

=$A$20

MFILE

=$A%$28

!
i
|

MONTH

=8

START

|
!

=$A$46

STCODE

T

=$A$27

STLIST

=

I=$E:$E

STNR

=$A$26

oloolnolo
S

START

=CALCULATION(3;FALSE;;;TRUE;)

=OPEN(BER_MAL.0; TRUE)

=MOVE(200;1)

=SIZE(150:50)

=OPEN(GR_MAL.0; TRUE)

=SIZE(410;180)

| | | (PR S

=MOVE(1:80)

=PAGE.SETUP("&F""Page &P &D &T".0.5:1:1:1:1)

Page 1 12.3.91 13:09
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HOURMAC1 . XLM

A

58

=FOR("MONTH",FIRST,LAST)

59

60

=SET.VALUE(MFILE;CORE&TEXT(MONTH;"00")&".XLS")

61

=OPEN(MFILE)

62

=MOVE(360;1)

63

=SIZE(100,50)

64

=SET.VALUE(STNR;1)

65

=SET VALUE(STCODE;INDEX(STLIST:STNR))

66

67

=WHILE{NOT(STCODE="SLUTT"))

68

=ACTIVATE(BER_MAL)

69

=SELECT("STASJON")

70

=FORMULA("=HOURMAC1 XLMISTCODE")

71

=SELECT("FIL")

12

=FORMULA("=HOURMAC1 XLMIMFILE")

73

=CALCULATE.DOCUMENT()

74

=ACTIVATE(GR_MAL)

75

=PRINT(1;::1;FALSE;FALSE.1)

76

=SET VALUE(STNR.STNR+1) o

77

=SET VALUE(STCODE;INDEX(STLIST;STNR))

78

79

=NEXT()

80

81

=ACTIVATE(MFILE)

82

=CLOSE(FALSE)

83

84

=NEXT({)

85

86

=ACTIVATE(BER_MAL)

87

=CLOSE(FALSE)

88

=ACTIVATE(GR_MAL)

89

=CLOSE(FALSE)

90

=CALCULATION(1,FALSE:;.TRUE;))

91

92

=RETURN()

Page 2 12.3.91 13:08
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APPENDIX VI

Short comment to measurement

data from the 1990 campaign
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SHORT COMMENTS TO THE 1990 CAMPAIGN

The 1990 campaign was performed in March, April and May. The
spring time concentrations of oxidants and nitrogen compounds
differ from the autumn concentrations (the 1989 campaign was
performed in August, September and October). The PAN
episodes in the 1990 campaign have concentrations up to 3
times the maximum found in the 1989 campaign. Also for total
NH4 significantly higher concentrations have been found

during the 1990 campaign.

An episode of high pollution concentrations was registered
from 16-19 March. Detailed evaluation of the episodes has
not been performed. The data files are listed in Appendix

VII. Overview plots are given in Appendix VIII.
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APPENDIX VII

Data listings, 1990 campaign
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APPENDIX VIII

Overview plots, 1990 campaign
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Fig. AVIII.1l: Overview plots for S50, from the 1990 campaign.
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Fig. AVIII.3: Overview plots for NO, from the 1990 campaign.
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