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The long-range transport of birch (Betula) pollen from Poland and Germany
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Background Birch pollen is highly allergic and has the potential for episodically long-range
transport. Such episodes will in general occur out of the main pollen season. During this time,
allergy patients are unprotected and high pollen concentrations will therefore have a full
allergenic impact.

Objective To show that Denmark obtains significant quantities of birch pollen from Poland or
Germany before the local trees start to flower.

Methods Simultaneous observations of pollen concentrations and phenology in the potential
source area in Poland as well as in Denmark were performed in 2006. The Danish pollen
records from 2000 to 2006 were analysed for possible long-range transport episodes and
analysed with trajectories in combination with a birch tree source map.

Results In 2006, high pollen concentrations were observed in Denmark with bi-hourly
concentrations above 500 grains/m?> before the local trees began to flower. Poland was
identified as a source region. The analysis of the historical pollen record from Copenhagen
shows significant pre-seasonal pollen episodes almost every year from 2000 to 2006. In all
episodes, trajectory analysis identified Germany or Poland as source regions.

Conclusion Denmark obtains significant pre-seasonal quantities of birch pollen from either
Poland or Germany almost every year. Forecasting of birch pollen quantities relevant to
allergy patients must therefore, take into account long-range transport. This cannot be based
on measured concentrations in Denmark. The most effective way to improve the current
Danish pollen forecasts is to extend the current forecasts with atmospheric transport models
that take into account pollen emission and transport from countries such as Germany and
Poland. Unless long-range transport is taken into account, pre-seasonal pollen episodes

will have a full allergic impact, as the allergy patients in general will be unprotected during
that time.
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later on [9, 10]. AR is associated with sinusitis and

Introduction inflammation of the middle ear [11] and has a significant

In central and northern Europe, Betula pollen is consid-
ered to be one of the most important allergenic pollen
types [1-4]. In Denmark, pollen allergy among the Co-
penhagen population has increased from 12.9% in 1990
to 22.5% in 1998 [5, 6]. Allergic Rhinitis (AR) is closely
associated with asthma, suggesting the theory of ‘one
airway, one disease’ [7, 8]. Among people with AR,
20-30% either suffer from asthma or will develop asthma

impact on quality of life (QOL), alters social life, disturbs
sleep and affects performance in school and at work
[10, 12]. Medical treatment of pollen allergy is documen-
ted to improve the overall health of the patients during the
pollen season [9, 10, 12, 13]. In order for medication to be
an effective protection against episodes of high pollen
concentration, allergy patients need to plan their medical
intake and protection in advance [10, 14, 15]. This
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planning requires knowledge of the pollen levels. Reliable
forecasts several days ahead are therefore needed. Owing
to this need, pollen forecasts are prepared every day dur-
ing the pollen season in Denmark (http://hoefeber.astma-
allergi.dk/regado.jsp?type=page€tid=29). In Denmark, the
official reported pollen prognosis is based on the daily
weather forecast, the pollen calendar [16] and local 24-h
measurements. The prognosis forecasts the pollen levels
above certain daily average thresholds, which are 30 and
100 birch pollen grains/m>. These thresholds are based on
correlations between pollen allergy symptoms among
Danish hayfever patients and measured pollen concentra-
tions [17, 18]. Forecast methods based on local measured
pollen concentrations, the daily weather forecasts and
clinical thresholds are also used in other countries such
as Spain [19, 20], France [21] and Switzerland [22]. Such
forecasts are unlikely to include episodes of long-range
transport of birch pollen.

Air pollutants such as PM, s and PM;, are known to
have the potential for long-range atmospheric transport
up to 1000km or more [23]. The main reason for the
long-range transport potential is the small weight of the
particles resulting in a corresponding low gravitational
settling. Birch pollen is approximately 22 pm in diameter
[24] and therefore larger than PM, 5 and PM;,. It has an
almost spherical form and a density of approximately
800 kg/m3 [24]. Form, size and density for a particle can
be used to calculate the deposition velocity using particle
deposition theory [25]. For birch pollen, this deposition
velocity is approximately 1cm/s. During the pollen sea-
son, birch pollen is especially released during hot sunny
weather [22]. This weather type is associated with large
atmospheric instability where the vertical winds may
exceed several metres per second. Despite their gravita-
tional settling, pollen may be caught by these vertical
winds and transported up into the atmosphere and will be
found throughout the atmospheric boundary layer [24,
26]. Removal from the atmosphere will be either by wet
deposition, direct transport to the surface or gravitational
settling. Pure gravitational settling takes several days
from the top of an atmospheric boundary layer of
1-2 km. Birch pollen therefore has the potential during
certain meteorological conditions to be transported long
distances from one region to another.

Birch trees are found in most of Europe and the timing
of pollen release is primarily related to local accumulation
of heat from winter to spring [4, 22, 27-30]. Spring mainly
advances from the south to the north and the release of
birch pollen therefore follows the same pattern. As a
consequence, birch pollen will be released in countries
south of Denmark such as Poland and Germany before the
season in Denmark begins. Many regions in Poland and
Germany have a high density of birch trees [31, 32] and
depending on the weather conditions, pollen from these
countries may end up in Denmark through atmospheric

transport. If so, pollen levels could reach the threshold
levels of 30grains/m> daily average and could cause
symptoms of allergy before the Danish trees even begin
to flower. Whether the pollen reaches Denmark in sig-
nificant quantities to cause allergic symptoms is not
known. We therefore formulated the hypothesis that Den-
mark receives birch pollen in quantities above 30 grains/
m>/day almost every year from either Poland or Germany,
before the pollen season due to local flowering trees is
initiated in Denmark.

In 2006, we had the opportunity to test this hypothesis
by using a combination of phenological observations and
pollen measurements in Poland (Poznan) and Denmark
(Copenhagen), and trajectory calculations of air masses
from Poland to Denmark. Furthermore, we test our hy-
pothesis by identifying possible long-range transport
episodes in the Danish measurements during the period
2000-2006. All these episodes will be investigated with
respect to source regions using trajectory analysis and a
source map.

Materials and methods

Sites and observation methods

The observations in this study are obtained from two sites:
Copenhagen and Poznan. Copenhagen is the capital of
Denmark and the surrounding areas are mainly urban,
bordered by the coast to the east. Continuous monitoring
of the seasonal pollen content of the air has been
performed by a Burkhard volumetric spore trap of the
Hirst design [33] in Copenhagen since 1977. Here, we used
bi-hourly pollen data from Betula collected during the
period 2000-2006. The trap was sited on the roof of the
Danish Meteorological Institute (55°43'N, 12°34E) in the
centre of Copenhagen at a height of 15m above the sea
level. Daily and diurnal variations in Betula pollen are
expressed as grains/m’. Collection of pollen and prepara-
tion of slides are performed according to Goldberg et al.
[34]. Pollen is counted at x 640 magnification on 12 tran-
sverse strips every 2 h, according to Kdpyla and Penttinen
[35]. Pollen from Betula is identified to generic genus.

Poznan is the capital of Wielkopolska, an agricultural
region situated in mid-western Poland [36]. In 2006, daily
average Betula pollen data were collected in Poznan by a
Burkard volumetric spore trap of the Hirst design [33]. The
trap was sited on the roof of a 13-storey university
students’ dormitory (Esculap) at a height of about 33 m
(52°24’'N, 16°53'E), approximately 1 km south-west of the
city centre. Pollen is counted according to a description by
Corden et al. [37].

During the last 2 weeks of April, phenological observa-
tions were performed at both locations. Several phenolo-
gical stages were identified during the flowering process
[38]. Start of flowering was defined as a few open
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inflorescences to 25% and the term full flowering was
used for the period when 25-75% of the flowers were
open. End of flowering was used to describe the period
when the last 25% of catkins were open. In Poznan the
phenological observations were performed two to three
times a week at Cytadela Park situated in the centre of the
city (52°25'N, 16°56E). In Copenhagen, the observations
were performed daily at residential areas in or near
Copenhagen: Taastrup (55°38'N, 12°16’E) and Hedehu-
sene (55°39'N, 12°11’E). The Copenhagen phenological
observations were performed similar to the study by Jato
et al. [39], where they randomly chose individual three
trees at each location and selected 20 catkins for investi-
gation. In Copenhagen, we chose three trees at each
location. On each tree, four branches were selected,
choosing north, west, south and east direction, if possible.
On each branch, five catkins were investigated, totalling
20 catkins. It is assumed that these observations were
general for the Copenhagen region.

Birch pollen pre-seasonal analysis

Temporal (seasonal and diurnal) variations in Betula
pollen counts at Copenhagen during the period 2000
-2006 were examined with the aim of identifying pre-
seasonal Betula pollen episodes originating from long-
range transport. The 2.5% accumulation method [34] has
been used for identifying the start of the season. If the
daily pollen count exceeded 30 grains/m? either before the
season began or at the actual start day, the episode was
chosen for investigation with back trajectory analysis.

Back trajectory calculations and source location map

A map of potential sources of birch pollen covering
Poland and Germany has been produced using national
statistics, forest inventories [31, 32] and detailed land
cover information from the Corine Land Cover Classifica-
tion [40]. The land cover classification is available as
irregular units with a minimum size of 25ha and a
minimum width of 100 m. The Corine Land Cover classi-
fication distinguishes between 44 different land-use
classes including broad-leaved forest, coniferous forest
and mixed forest. The National Forest inventories for
Germany [32] and Poland [31] are used for calculating
the resulting birch tree density in the forests. Back
trajectories are calculated using nine trajectories for each
arrival time using a method described by Stach et al. [41]
as an indication of possible source areas.

Results

Daily pollen counts and phenological observations in 2006

Birch pollen concentrations in Poznan peaked between the
20th and 28th of April, with daily average birch pollen

© 2007 The Authors

concentrations of between 739 and 2167 grains/m’
(Table 1). The phenological observations in Poznan show
that the flowering season was at its peak during this
period (Table 1). Birch pollen concentrations in Copenha-
gen show three daily average pollen concentrations above
30 grains/m’. The values are 108, 244 and 41 for the 23rd,
26th and 27th of April, respectively (Table 1). The pheno-
logical observations during the period showed that the
anthers opened between the 1st and 2nd of May (Table 1).

Diurnal birch pollen variations based on 2-hourly
measurements displayed as a time series (Fig. 1) show that
the first birch pollen in Copenhagen in 2005 was observed
on April 23. The amount of birch pollen peaked sharply
during the middle of the day on the 23rd and decreased
again in the evening. From the 24th to the 26th of April
bi-hourly measurements showed either low concen-

Table 1. Daily pollen count and phenological observations in Copenha-
gen and Poznan in the period 18th of April to the 2nd of May 2006

Birch pollen

count Birch pollen

Copenhagen count

(pollen Phenology  Poznan (pollen Phenology

Date  grains/m?) Copenhagen grains/m?) Poznan

18.04 0 Closed 7 Start of flowering
19.04 1 Closed 13 Start of flowering
20.04 0 Closed 917 Start of flowering
21.04 0 Closed 1011 Full flowering
22.04 0 Closed 2167 Full flowering
23.04 108 Closed 2123 Full flowering
24.04 4 Closed 1064 Full flowering
25.04 10 Closed 974 Full flowering
26.04 244 Closed 1395 Full flowering
27.04 41 Closed 1203 Full flowering
28.04 8 Closed 739 Full flowering
29.04 2 Closed 32 End of flowering
30.04 7 Closed 89 End of flowering
01.05 77 Anthers 23 End of flowering
opening
02.05 118 Start of 80 End of flowering
flowering

2 h pollen concentration in Copenhagen
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Fig. 1. Bi-hourly birch pollen concentrations in Copenhagen in April
2006.
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trations (< 50 grains/ m°) or no birch pollen. The bi-hourly
concentration of birch pollen on April 26 rapidly in-
creased from zero to above 400 grains/m> early in the
morning. The concentration decreased from 08:00 to
16:00 hours in the afternoon, but a second peak was
recorded between 16:00 and 22:00 hours, where the high-
est observed concentration reached 564 grains/m>. After
this second peak, the concentration decreased again to
between 48 and 168 grains/m>. From the 27th of April to
midday on the 1st of May, few birch pollen grains were
recorded (< 50 grains/m> per 2-h transect).

Detailed weather and trajectory analysis for the period
23rd-28th of April 2006

The synoptic situation in northern Europe from the 22nd
to the 28th of April 2006 was governed by two low-
pressure systems: one located over Iceland and one
located between Greenland and Norway. A high-pressure
area located in the southern part of Norway on the 22nd of
April moved during the period to Finland and Russia.
During the 22nd and 23rd of April, the high-pressure area
over Norway produced a south-easterly wind that moved
from Poland to Denmark. On the 24th and 25th of April, a
small low-pressure system passed north of Poland, creat-
ing westerly winds over Denmark. This system dissolved
between the 25th and 26th of April. From the 26th to the
27th of April, the low-pressure system located north of
Iceland gave air mass transport to Denmark from the south
and south-east. On the 28th of April, a high-pressure area
west of the British Isles in combination with a low-pressure
system between Greenland and Denmark resulted in wind
from the north-east. The trajectories for these days were
examined in detail (examples shown in Fig. 2).

The trajectories show that the air masses arrived directly
from Poland on April 23rd (Fig. 2a) and that the air mass
took approximately 1 day to move from the Poznan area to
Denmark. During the period 24th-26th of April,
the air masses arrived from the Baltic Sea and north of
Poland, passing Denmark and arriving in Copenhagen
from the west (Fig. 2b). On April 26th, the air masses again
arrived directly from Poland, and took 1 day of atmo-
spheric transport (Fig. 2c). From April 27th, the origin
changed again: first to the north of Poland and the Baltic
Sea and then to origins from the north-west (Fig. 2d).

Pre-seasonal birch pollen counts in Copenhagen
2000-2006

The beginning of the season based on the 2.5% method
varies from the beginning of April to the beginning of
May (Table 2). The annual accumulated pollen count also
varies from 3409 in 2005 to 21142 in 2006. Eleven
possible long-range transport episodes with records be-

tween 35 and 244 grains/m3 have been identified. Three of
these were in 2006. All possible long-range episodes were
investigated with trajectories for the main synoptic ob-
servation periods: 00 UTC, 06 UTC, 12 UTC and 18 UTC. In
all investigated episodes, the air masses arrived in Copen-
hagen directly from Germany or Poland, travelling be-
tween 12 and 30 h. Except for the trajectories on the 15th
of April 2005 (18 UTC), all trajectories arrived from within
German or Polish land territory. The trajectories calcu-
lated for 18 UTC on the 15th of April 2005 arrived partly
from northern Poland and partly from the Baltic Sea area
between Denmark and Poland. In three of the episodes, the
nine trajectories dispersed over all of Germany or Poland
(see Fig. 3a), but in 29 episodes the nine trajectories did
not disperse but followed the same path, e.g. the 2nd of
April 2002, 12 UTC (Fig. 3b).

Broad-leaved trees are found in all regions of Germany
and Poland with varying density (Fig. 4). The highest
forest density is found in the central part of Germany, but
high densities are also found in parts of eastern Germany,
as well as parts of western and eastern Poland. Low forest
densities are found in southern Germany, north-western
Germany and central Poland. The birch tree density in the
broad-leaved forests varies from 1% to 44% between the
different regions in the two countries (Fig. 4). The highest
birch tree densities are found in Poland and the eastern
part of Germany. The lowest densities are found in south-
eastern parts of Poland and the central and southern parts
of Germany.

Discussion

The present experiments support the hypothesis that Den-
mark receives significant quantities of birch pollen from
Poland and Germany, before the pollen season is initiated
in Denmark.

The phenological observations in Copenhagen have
shown that the local birch trees started flowering in the
beginning of May 2006. Assuming that the observations
were general for the region, then the pollen grains
recorded in Copenhagen in April must have originated
from another area. Pollen counts and phenological ob-
servations recorded in Poznan show that the birch pollen
season was at its peak due to local emission in this area
between the 20th and 27th of April. Trajectories for the
investigated period show that air masses arrived in Co-
penhagen from several locations during the period. When
the air masses arrived from Norway, Sweden or Denmark,
few or zero pollen counts were recorded. When the air
masses arrived from the Poznan region (or other Polish
areas), high pollen counts were recorded in Copenhagen.
During the transport from Poland, the air masses crossed
the Baltic Sea where there are no pollen sources. This
suggests that the pollen measured in Copenhagen in April
2006 were of Polish origin.

© 2007 The Authors
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Fig. 2. Trajectories for (a) the 23rd of April, 12 UTC, (b) the 24th of April, 18 UTC, (c) the 26th of April, 12 UTC and (d) the 28th of April, 12 UTC. The
trajectory marked with a thick red line corresponds to the pollen trap in Copenhagen and the trajectories marked with thin lines correspond to the

surrounding receptor points.

Analysis of the period 2000-2005 showed several
episodes with significant levels of (possible) pre-seasonal
long-range transport almost every year. Daily phenologi-
cal observations were not available for those years. How-
ever, trajectory analyses showed that, in all cases, the air
masses arrived from either Germany or Poland, where the
season generally starts earlier than in Denmark. It is also
shown that Germany and especially Poland contains
significant quantities of birch trees capable of acting as a
source for pre-seasonal pollen in Denmark. The use of a
simple trajectory model showed that there were no other

© 2007 The Authors

potential source regions apart from Germany and Poland.
This strongly indicates that pre-seasonal long-range
transport with significant quantities of pollen occurs
almost every year, from sources in either Germany or
Poland.

Long-range transport of pollen from other birch tree-
rich regions such as Finland or the Baltic countries may
also arrive in Denmark. Owing to a more northern loca-
tion, the birch pollen season in Finland or the Baltic
countries starts later than the German and Polish birch
pollen season. Transport from Finland or the Baltic

Journal compilation © 2007 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 1-9
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countries is therefore more likely to occur during the
season or after the main season in Denmark has finished.
As a result, these episodes could potentially increase the
overall pollen level in Denmark or extend the period with
high pollen counts.

This paper extends other studies that have shown pre-
seasonal long-range transport from the Baltic countries to
Finland. Koivikko et al. [42] identified a period before the
‘real’ birch pollen season when the occurrence of pollen in
the atmosphere could only be explained by long-range

Table 2. Season start, annual pollen count and possible long-range
transport episodes to Denmark during the period 2000-2006

Possible long-range
transport episode

Season Total annual Date and daily

Year start (2.5%) pollen count pollen count

2000 18.04 4999 17.04 - 35 grains/m’
18.04 - 190 grains/m>

2001 25.04 6686 25.04 - 55 grains/m3

2002 02.04 6886 01.04 - 129 grains/m3
02.04 - 92 grains/m’

2003 22.04 4559 -

2004 15.04 9189 04.04 - 67 grains/m3
05.04 - 56 grains/m’

2005 15.04 3409 15.04 - 55 grains/m3

2006 02.05 21142 23.04 - 108 grains/m3

26.04 — 244 grains/m’
27.04 - 41 grains/m’

The possible long-range transport episodes are investigated using trajec-
tory analysis according to the hypothesis.

transport, and Hjelmroos [43, 44] demonstrated, through
the use of back-trajectories, how Betula pollen was
transported to Fennoscandia before the start of the main
pollen season. Furthermore, our study also extends pre-
vious findings because it investigates another geographi-
cal area, and because it is the first study to include
simultaneous phenological observations and measure-
ments of pollen concentrations in both the source and
receiving regions.

The map used to establish Germany and Poland as
potential source regions only took into account broad-
leaved forests. A complete inventory should also take
other sources into account such as mixed forest, shrub
and ornamentals. This, however, only increases the source
strength and the importance of Germany and Poland as
source regions. Even though the map only covers the
contribution from broad-leaved forest, it disagrees with a
recently published map covering Northern Europe [43],
which shows birch tree density below 0.1% for most of
Poland and Germany. The map presented in this paper is
based on the CLC2000 dataset [40] and national forest
inventories compared with the map by Sofiev et al. [45]
which is based on data with a lower spatial resolution,
assumptions with respect to birch fraction and regional-
scale extrapolations.

This study has shown that daily averages of the indivi-
dual long-range transport episodes vary from 35 to
244 grains/m>. The 2006 results also show that bi-hourly
concentrations from long-range transport exceed
400 grains/m> several times. These peaks of relatively
short duration exceed the daily thresholds of 30 and

1200 " 17.04.2006, 18UTC

km

(b)
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Fig. 3. Trajectories for (a) the 17th of April 2000, 18 UTC and (b) the 2nd of April 2002, 12 UTC. The trajectory marked with a thick red line corresponds
to the pollen trap in Copenhagen and the trajectories marked with thin lines correspond to the surrounding receptor points.
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Fig. 4. Map covering Germany and Poland showing broad-leaved forests and birch tree density within broad-leaved forest.

100 grains/m”> to a large degree. This indicates that long-
range transport may have a significant impact on health
during these episodes and that such short-term variations
should be taken into account in exposure studies and
warnings to the public. The resulting pollen concentration
in Denmark is, to a large degree, dependent on the
meteorological conditions during transport and the pollen
emission strength in the source region. The results show
that there is a large variation in the distribution of broad-
leaved trees and relative percentage with respect to birch
trees in Germany and Poland. The results also show that
even when series of trajectories are used to account for
uncertainty, the air masses usually arrive from a relatively
confined region. This indicates that the source regions for
each episode have a limited spatial coverage. Differences
in the measured pollen concentration in Copenhagen due
to long-range transport are therefore partly related to the
density of birch trees in the Polish and German regions.
Furthermore, the timing and magnitude of the birch
pollen season varies annually. Birch trees frequently have
alternating cyclic rhythms of high and low years of pollen
production [1, 46-49] and this study has shown that the
start of the birch pollen season can vary annually by as
much as a month (Table 2). The results also show that the
main season in Poznan was about 8 days long. The short

© 2007 The Authors

duration of the main season and the inter-annual differ-
ences in the flowering season has several consequences:
firstly, forecasts for long-range transport episodes from
Germany and Poland must take into account annual
variations in pollen production. Secondly, the forecast
must take into account the uneven distribution of sources
in the countries. Thirdly, the forecast must take into
account the annual differences in the onset of flowering.
Current air quality transport models can be considered
mature with respect to transport of air pollutants. These
air quality models may be extended to deal with the
atmospheric transport of pollen [45, 50-53] including
forecasting of pollen concentrations three or more days
ahead. It has been argued that data assimilation of real-
time pollen measurements or phenological observations
into air quality models would improve forecasting [45].
However, for the Danish area, the source areas in Poland
and Germany are between% and 1% days away with respect
to atmospheric transport. Pollen measured in Poland or
Germany may therefore be transported to Denmark in less
than 1 day. Data assimilation with local observed pollen
concentrations will, in these cases, provide less than 1
day’s forecast, provided that these measurements are
available online. As current pollen counting methods
are retrospective, pollen may arrive in Denmark before

Journal compilation © 2007 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 1-9
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the local pollen count in Poland is performed. Therefore,
supplementing air quality forecast models with pollen
forecasts covering 3 or more days ahead would require
local and regional forecasts of the pollen emission.

The results also show that the levels of birch pollen in
Poznan were generally between 1000 and 2000 grains/m>
during the season. Atmospheric transport resulted in
episodes in Copenhagen of a few hundred grains/m>. This
indicates that diffusion and deposition during transport
have decreased the concentration. However, compared
with Copenhagen many Danish areas are much closer to
Germany and Poland. Therefore, these areas are likely to
receive larger quantities of pre-seasonal pollen than
Copenhagen.

The findings have several implications. Firstly, fore-
casting of birch pollen quantities relevant to allergy
patients in Denmark must take into account long-range
transport. This cannot be based on measured concentra-
tions in Denmark alone. Secondly, pre-seasonal pollen
episodes will have a full allergic impact, as the allergy
patients in general are unprotected during this time.
Studies have shown that, at the beginning of the birch
pollen season, 90% of the patients with birch pollinosis
reported mild symptoms above 80 grains/m>. However,
during the late season 800 of the patients remained
symptomatic at a level below 30 grains/m’ [4, 42, 54].
Severe pre-seasonal birch pollen episodes early in the
spring may have a similar effect as high-magnitude Alnus
pollen seasons (the major allergens of Alnus and Betula
cross-react) by priming sensitive individuals, eliciting
stronger reactions to birch pollen and effectively extend-
ing the birch pollen season [4, 39, 55]. Allergy patients
need a warning several days ahead to plan their medical
intake. The most effective way to improve the current
Danish forecast is therefore to extend the current forecast
with dynamical models that take into account pollen
emission and atmospheric transport from countries such
as Germany and Poland. The old studies by Petersen and
Munch [17] and Weeke [18] are more than 25 years old
and still form the basis for the current operational pollen
counts and operational pollen forecasts in Denmark.
Linneberg et al. [5, 6] have shown that the part of the
Danish population that suffers from hayfever have in-
creased from 12.9% in 1990 to 22.5% in 1998. The back-
ground for defining the thresholds reported in 1981 is
therefore most likely different today.
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