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Abstract Birch (Betula pubescens L.) is by far the
most common deciduous tree in Norway and birch
forests define the forest line both northwards and
upwards. Because of its mountainous topography,
long fjords, and long length from north to south,
Norway is climatically and ecologically very diverse.
Therefore, developing pollen forecasts in Norway is a
challenging task. In this study we use MODIS-NDVI
(normalized difference vegetation index) satellite
data with 250 m spatial resolution and 16-days time
resolution for the period 2000-2007, and birch pollen
counts from ten Burkad traps distributed throughout
Norway, to characterize the onset of birch flowering
in Norway. Four of the seven trap stations with long-
term series show significant values at the 5% level or
better between the MODIS-NDVI defined onset and
the date when the annual accumulated birch pollen
sum reaches 2.5% of the annual total. A map of
Norway that shows the eight-year mean (2000-2007)
onset of birch flowering was produced. It reveals
large differences in the timing of the onset of birch
flowering along the north—south and altitude
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gradients. The map provides useful general informa-
tion that can be utilized by the Norwegian pollen
forecast service. This study shows that remote
sensing is a useful tool for not only characterizing
the onset of the birch pollen season but also revealing
regional differences not easily detected by pollen
stations alone.
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1 Introduction

Betula spp. is the major pollen-allergen-producing
tree in Norway. Birch (Betula pubescens L.) is very
common throughout Norway and birch forests delin-
eate the forest line both northwards and upwards
(Moen 1999; Johansen and Karlsen 2007). In addi-
tion, silver birch (Betula pendula Roth.) is common
in the lowlands of southern Norway, and dwarf birch
(Betula nana L.) is among the most common shrubs
in the low-alpine belt. Birch pollen is by far the most
important allergenic airborne pollen in Norway, and
approximately 14% of the population is sensitised to
its allergens (Haugen 1998).

In terms of vegetation zones, Norway comprises the
nemoral zone, characterized by broad-leaved forest in
the south to the treeless arctic zone in the north, along a
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distance of about 1,500 km (Moen 1999; Karlsen et al.
2006). In addition, because of the mountainous topog-
raphy of Norway, an altitudinal replication of this
north—south gradient can be found in many locations
over much shorter, vertical distances. For instance, in
western Norway, with its steep mountains, it is
common to find within a few kilometres both the
boreonemoral zone characterized by mixed broadleaf
and coniferous forests at low altitude, and the partly
year-round, snow-covered high-alpine belt (Moen
1999). The onset of flowering of the birch depends
strongly on the spring temperature regime (Emberlin
et al. 2002; Rasmussen 2002; Van Vliet et al. 2002;
Porsbjerg et al. 2003), and the timing of the local pollen
dispersal is a result of the local climate, which follows
the macro climatic gradients running from north to
south and from mountains to lowlands in Norway.
Thus, making pollen forecasts for Norway is a
challenging task, and, hence, there is a need to better
understand the spatial pattern of pollen dispersal of
birch.

Male flowering and leaf-bud burst of birch are well
correlated. Linkosalo (1999, 2000) found in southern
Finland that the difference in time from male
flowering to the first date of bud burst is only
1.1 days with male flowering occurring first. This
indicates that the phenophase observed as leaf-bud
burst could be used to determine the timing of local
birch pollen release.

Satellite image-aided analysis of phenology of
natural vegetation provides spatially complete cover-
age that can be used to interpolate traditional ground-
based phenological observations. This indicates that
the measurements of leaf-bud burst of birch from
remote sensing could be used to determine the timing
of local birch pollen release. Phenological changes
during the growing season can be studied by examining
changes in the remote sensing-based normalized
difference vegetation index (NDVI) value. The NDVI
is defined as: NDVI = (Ch2 — Chl1)/(Ch2 + Chl),
where Chl and Ch2 represent reflectance measured in
the near infrared and red channels, respectively
(Lillesand and Kiefer 1994). NDVI has evolved as
the primary tool for monitoring changes in vegetation
activity (e.g. Myneni et al. 1997; Walker et al. 2003;
Stockli and Vidale 2004). Karlsen et al. (2006) mapped
the onset of the growing season of the whole of
Fennoscandia by applying the GIMMS-NDVI satellite
dataset based on the AVHRR instrument (Tucker et al.
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2005), where the onset was well correlated with the
phenophase “onset of leafing of birch”. In a pre-
liminary study, Hggda et al. (2003) also used the
GIMMS-NDVI dataset, correlated it with birch pollen
measurements from five stations, and found correlation
values (r) in the range from 0.55 to 0.85. However, the
8-km pixel size of the GIMMS dataset can only
differentiate to a limited extent the phenological
contrasts in the heterogeneous mountain landscape of
most of Norway. In December 1999, the MODIS
sensor onboard the NASA TERRA platform was
launched. This sensor has 250 m spatial resolution in
the red and near infrared channels, and provides an
opportunity to map phenology on a much finer scale
than the AVHRR instrument. Beck et al. (2007) used
MODIS-NDVI data and mapped the growing season of
the whole of Fennoscandia, but only at 5-km resolution
and excluding some areas of altitude, because of the
calibration procedure used.

Recently, Karlsen et al. (2008) mapped the grow-
ing season of northernmost Fennoscandia with
MODIS-NDVI data at 250 m resolution. For stations
with seven-year time-series data, they found moder-
ately strong positive correlation (r = 0.44-0.88)
between the NDVI data and “onset of leafing of
birch”. The main objective of this paper is to apply the
method used by Karlsen et al. (2008) to map the onset
of flowering of birch for all of Norway. First, we
examine how well NDVI data with 250 m resolution
from the MODIS sensor correspond to five different
methods of defining the onset of the birch pollen
season at ten pollen stations distributed throughout
Norway. We then map the average and the spatial and
temporal variability of the onset of birch flowering of
all of Norway for the 2000-2007 period.

2 Material and methods
2.1 Study area

The study area of mainland Norway, 57°57'-
71°11’ N and 4°29'-31°10' E (323.802 km?), is
climatically and ecologically heterogeneous. The
mean July temperature has a range from 9.2°C in
the lowlands at Vardg in the north to 17.1°C at
Fornebu close to Oslo in the south (Aune 1993;
Tveito et al. 2000). The range in annual precipitation
extends from above 2,500 mm on the west coast to
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less than 300 mm in the most continental areas in
both the northern and southern parts of Norway
(Fgrland 1993; Tveito et al. 2001). Most of the
country has mountainous topography (the Caledonian
mountain range) with at least 200 mountain peaks
above 2,000 m (Fig. 1b; Helgesen and Helgesen
2006).

Recently, the vegetation of all of Norway was
mapped for the first time (Fig. la; Johansen and
Karlsen 2007), using Landsat TM/ETM+ satellite
data with 30 m resolution. A first analysis of the map
indicates that approximately 20% of Norway consists
of deciduous forest. Most of this deciduous forest is
dominated by birch, except some parts in the lowland
in the south in the nemoral and boreonemoral zones,
where temperate deciduous forest (mainly Quercus
spp., Fraxinus excelsior L., Ulmus glabra Huds., or
Tilia cordata Mill.) can dominate locally (Fremstad
1997). About 21% of Norway is coniferous forest or
mixed birch and coniferous forest. In addition, about
25-30% of Norway is low-alpine heath, where dwarf
birch is very common. The birch forest line extends
to more than 1,150 m in the south (Moen 1999)
whereas in the northernmost regions birch is only
found in the lowlands in wind-protected valleys
(Moen 1999; Karlsen et al. 2005).

2.2 Airborne birch pollen data

The pollen traps (Burkard type) in Norway are run
by the Norwegian Federation of Asthma and
Allergy (NAAF) in cooperation with the Norwegian
University of Science and Technology, Trondheim
(Ramfjord and Brobakk 2007). The pollen traps are
distributed throughout Norway and are placed partly
according to climatic and ecological gradients and
partly on the basis of population patterns. Most of the
traps are located on open roofs in urban areas
(Ramfjord and Brobakk 2007). This study uses
counts of airborne birch pollen grain from ten sites
in Norway for the 2000-2007 period (Figs. 2, 3).

The onset of the birch pollen season in this study is
defined by five different methods: (a) the date (after
April Ist) of the first recorded birch pollen, (b—d) the
dates when the accumulated pollen sum reaches 1%,
2.5%, and 5% of the annual total, respectively, and
(e) the first day of the earliest five-day period with
airborne birch pollen (5 x d). The date of the first
recorded pollen was included to enable easier identi-
fication of possible long-distance-transported (LDT)
pollen, and 5 x d was included because it is in
common use in Sweden (Dahl 1997).
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Fig. 2 Onset of birch
flowering in northern
Norway, based on mean
values from the MODIS-
NDVI dataset for the period
2000-2007

2.3 Satellite data in mapping onset of birch
flowering

The MODIS 16-day composite NDVI satellite dataset
with 250 m spatial resolution for the 2000-2007
period was used in the study (MOD13Q1 product
(Huete et al. 2002) version V004 for the 2000-2006
period, and version V005 for 2007). The data were
reprojected from a sinusoidal projection to universal
transverse mercator (UTM). The reprojected data,
originally in 10° by 10° tiles, were stitched into a
seamless product covering all of Norway.
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To calibrate the data and to estimate the onset of
birch flowering we applied the methods described and
discussed by Karlsen et al. (2008). In the following
text we give a brief summary of the methods. It
should be noted that the method used by Karlsen et al.
(2008) for calibrating data works best for smaller
regions. To overcome this issue we divided Norway
into three parts, completed a visual inspection for
noise in the data for each part, and then corrected the
data following Karlsen et al. (2008). In the calibration
process, relevant environmental geo-data organized
in ArcGIS 9.2 were used. The most important
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Fig. 3 Onset of birch
flowering in southern
Norway, based on mean
values from the MODIS-
NDVI dataset for the period
2000-2007
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datasets were a digital terrain model (Fig. 1b) and
topographical maps from the Norwegian Mapping
Authority, a Landsat TM/ETM+--based vegetation
map of Norway (Fig. 1a), and the surface birch pollen
data.

Mean NDVI values were calculated for a 3 x 3
pixel (750 m x 750 m) area centred on each of the
ten pollen trap sites. However, several of the pollen
traps are located in urban areas, where NDVI values
from gardens, roads, and buildings surrounding the
traps give unreliable results. For these traps the centre

position of the 3 x 3 pixel area was moved to the
closest area with natural vegetation containing birch
trees, as found on the new vegetation map of Norway
(Fig. 1a).

To link surface pollen data with NDVI data in
order to measure onset of birch flowering, we first
computed for every pixel in the study area the eight-
year (2000-2007) mean NDVI value form July 12th
until August 28th. The use of NDVI values between
only July 12th and August 28th reduces the “noise”
from snow-covered ground. The onset of birch
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flowering at each pixel was then determined from the
time when the NDVI value each year exceeded 0.85
of the July 12th until August 28th eight-year mean
NDVI value. This NDVI threshold was reached after
several iterations, and is relative to the mean
threshold level that gives the highest correlation with
the birch pollen data from the pollen traps. In the
procedure to map onset of birch flowering, decision
rules were included in the calculation procedure
based on the geo-data. For instance, a decision rule
could be: if a pixel (based on the NDVI threshold)
below 200 m altitude did not show onset of birch
flowering during the period from mid-May to mid-
June, but all of the surrounding pixels below 200 m
altitude did, the pixel was assigned the most reason-
able 16-day period for growth onset. The method
does not work for urban areas and agricultural fields
and so these were masked out.

Finally, a map with 250-m spatial resolution that
shows the eight-year mean (2000-2007) onset of
birch flowering was produced. To examine the spatial
and temporal variability of onset we also determined
for each of the eight years the deviation from the
mean onset for the 2000-2007 period. To improve the
cartographic presentation of the deviation maps, a
50 x 50 median filter was applied.

3 Results
3.1 Timing of the onset of birch flowering

Table 1 shows the relationship between the NDVI-
defined onset of birch flowering and the onset of the
birch pollen season as measured from pollen traps. In
most cases, the correlations between the NDVI-based
results and the five different definitions of onset date
are moderately high. The highest correlation and
significance values are found between the NDVI-
based results and the dates for when the accumulated
pollen sum reaches 2.5% of the annual total. The
average r-value is 0.74, and all stations except
Tromsg have r-values above 0.6. Four of the seven
stations with seven or eight-year time-series data are
significant at the 5% level or better. The correlation
between NDVI data and the 1% and 5% level and
5 x d are slightly lower, and the average r-value is
0.70. The largest variation (r = 0.25-0.74) is found
between the NDVI data and the date of first recorded
birch pollen, and in this case only one station
(Bergen) shows a significant value.

The NDVI-based values fell closest to the date of
the 1% level, where the NDVI results have an
average day number of 118 (April 28) and the 1%

Table 1 Onset of the birch pollen season as measured from NDVI data and as defined from pollen traps

Station #Y NDVI st rec. 1% 2.5% 5% 5xd

Day r RMS Day r RMS Day r RMS Day r RMS Day r RMS Day
Tromsg 8 147 046 208 131 047 18.2 136 0.49 18.0 137 0.48 174 139 0.77 11.6 145
Bodg 8 129 025 12.0 131 0.76* 9.1 135 0.69 114 137 0.68 120 137 0.67 12.1 137
Trondheim 8 116 038 133 118 041 82 118 0.61 82 121 044 10.2 122 0.63 7.1 119
Drsta 8 109  0.38 9.7 110 0.63 83 115 0.78* 8.7 117 0.76* 94 118 054 7.8 113
Fgrde 3 111 114 121 122 122 122
Ringebu 4 119 107 116 122 123 115
Bergen 8 114 0.74% 6.5 111 0.79% 5.1 114 0.81%* 49 115 0.70 64 117 0.63 7.8 116
Stavanger 2 118 105 116 116 119 114
Kristiansand 7 104 0.62 89 109 0.96** 126 116 0.86*%* 14.8 118 0.90** 16.5 120 0.83* 12.7 116
Oslo 8 110 0.68 79 105 091** 56 115 092** 58 115 0.94* 6.0 116 0.82* 4.1 111
Mean 118 050 113 114 0.70 9.6 120 0.74 102 122 0.70 11.1 123 070 9.0 121

“#Y” is the number of years with birch pollen counts; “Day”, mean day number; r, correlation coefficient between NDVI data and
birch pollen count data for stations with seven or eight years of data; *, significance at the 5% level; **, significance at the 1% level;
RMS, root mean square between NDVI data and birch pollen trap data; “Ist rec.”, first recorded birch pollen; “1%”, “2.5%”, and
“5%”, the date when the accumulated pollen sum reaches these levels of the annual total, respectively; “5 x d”, the first date of the

earliest five-day period with airborne birch pollen
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level result a day number of 120. The root mean
square (RMS) is also the lowest between NDVI and
the 1% level, with a mean RMS value of 9.6 days.
However, the differences in mean dates among the
five different methods of defining the onset on the
basis of pollen counts are small. The average date of
first pollen recording was four days earlier than the
NDVI-based date of onset of birch flowering, and the
other methods of defining the onset based on pollen
counts were from two to six days later than the
NDVI-based date. Eight of the ten stations show an
earlier NDVI-based date than the 2.5% level, where
Kristiansand had the largest deviation with an NDVI-
based date 14 days earlier. Closest in time between
pollen counts and NDVI data was Bergen with
exactly the same date for the NDVI-based onset of
birch flowering and the 1% level, and only a day lag
at the 2.5% level compared with the NDVI-based
results. Bergen also has the lowest RMS value with
4.9 days between the 2.5% level and NDVIL.

3.2 The geographical pattern of onset of birch
flowering

The geographical pattern of the NDVI-based map of
the onset of birch flowering (Figs. 2, 3) shows a clear
pattern of later onset from south to north and from
lowlands to mountains. As found by GIS analysis, in
19.9% of Norway onset of birch flowering occurs
before the beginning of May. In central and northern
Norway this timing category is found only in a
narrow coastal strip between the lowland and moun-
tains, whereas in the south it is the most common
category at lower altitudes. In 28.3% of Norway the
NDVI-defined onset occurs during the month of May.
This starting period is the most common at lower
altitudes in northern Norway, whereas in southern
parts onset of birch flowering usually starts during
May between 300 and 700 m altitude, and in some
places even at higher altitudes. In 43.8% of Norway
the NDVI-based map indicates that onset of flowering
of birch occurs after June 1st. This is the case even at
sea-level in the northernmost part of Norway,
whereas in the south it is common above 700 m
altitude. Norway’s mountainous topography leads to
large local differences and onset of birch flowering
follows a clear gradient from lowland to mountains
(Figs. 1b, 2, 3). This is particularly the case in
western Norway, where the narrow strip of lowland

along the coast, between the mountains and the sea,
often shows a mean onset of flowering of birch before
April 20th, whereas in the mountain plateaus, a few
hundred metres from the early flowering in the
coastal strip, the onset could be more than two
months later. The remaining 8% of Norway consists
of lakes, glaciers, and agricultural and urban areas
where the onset was not mapped.

3.3 Annual and spatial variability

Figure 4 shows that the timing of birch flowering
displays large regional variation from year-to-year.
The year 2000 was generally the most extreme in
terms of late NDVI-defined onset of birch flowering:
this year 48% of Norway showed a more than one
week later onset of birch flowering than the 2000—
2007 average. All of northern and most of central
Norway were classified as late that year (Fig. 4). The
onset in 2005 was late in 45% of Norway, but not in
the northwestern and southeastern parts. The years
2002 and 2004 both had early NDVI-defined onset of
birch flowering in 47% of Norway, in 2002 in most of
northern Norway, and in 2004 in most of southern
Norway. Both 2003 and 2007 showed average timing
for most of Norway, except in the lowland in
southern Norway which had early onset those years.

4 Discussion

4.1 Use of the NDVI-based map of onset of birch
flowering

At present, the pollen forecast in Norway (http://
www.pollenvarslingen.no/) is split into 12 regions,
which mostly follow county borders and partly cli-
matic/ecological borders. The pollen forecast for each
region is based on data from the pollen traps and
subjective evaluation of weather forecasts and pollen
counts from previous years. A Norwegian version of
the NDVI-based map of the mean onset of birch
flowering presented here can be downloaded from:
http://www.naaf.no/. Users of the map can then esti-
mate an approximate time for the local birch
flowering, and, together with the pollen forecast for
the region, estimate the differences within the region.

Another use of the NDVI-based map is adjustment
of current divisions of pollen regions in Norway for
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Fig. 4 Regional deviation in onset of birch flowering from the 2000-2007 average

pollen forecasts. This is particularly relevant for
western Norway with its large local differences in
onset of flowering. The map is also useful as a
reference map if new pollen traps must be estab-
lished; for example, it clearly shows that the present
pollen stations along the west coast of Norway are
not well representative of the inner fjord zones. The
research also showed that averaging results over
many years is necessary to develop a reference map
of the mean timing of onset of birch flowering, given
the large variation in the timing of the flowering from
year-to-year (Fig. 4).

When using the NDVI-based map in pollen
forecasting it is important to be aware that the map
only shows onset of local birch flowering and
provides no information about LDT of birch pollen.
Long-distance transport of birch pollen may compli-
cate utilisation of the NDVI-based map. In Germany,
for example, the onset of birch pollen season as
recorded from pollen traps occurred, on average,
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5.7 days earlier than birch flowering observed at
phenological stations nearby (Estrella et al. 20006).
This time span is too large to assume pollen dispersal
exclusively from local birch trees. Also in Norway’s
neighbouring countries, Sweden, Finland, and Den-
mark, long-distance transport of birch pollen is well
known (Oikonen et al. 2005; Ranta et al. 2006;
Mabhura et al. 2007; Skjgth et al. 2008), in particular
during periods with south-southeast winds (Hjelm-
roos 1991). However, because of the mountainous
topography of Norway, it is reasonable to believe that
Norway is less affected by LDT pollen compared
with the flatter neighboring countries. Table 1 also
gives an indication of LDT birch pollen. On average
the first recorded pollen occurs seven days before the
5 x d date, indicating that LDT of birch pollen may
occur. A closer look at the pollen data counts for the
2000-2007 period shows that only in 2005 and 2007
did some stations have much earlier first recordings
than 5 x d. In 2005, all stations in southern Norway,
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except Fgrde and Ringebu, had pollen recordings
during 3-5 April, which was from 11 to 23 days
before pollen became common. In 2007, five of the
ten stations had first recordings more than seven days
earlier than the second recordings, with the station
Tromsg as much as 46 days before. In the other six of
the eight years studied there was no clear evidence of
LDT of birch pollen leading to an earlier onset date,
as seen in data from pollen traps. Based on the
moderately high correlations found between the
NDVI-based date for onset and the 2.5% level
(Table 1), Norway’s mountainous topography, and
the studies of data from pollen traps, it is reasonable
to believe that in most years and in most areas of
Norway the onset of the birch pollen season is not
significantly affected by LDT pollen.

The NDVI-based map of onset of birch flowering
does not give any direct information about the
amount of birch pollen. Birches in northern and
high-altitude areas produce less pollen, on average,
than those in warmer areas. For instance, Oslo in the
south has an annual average for the 1984-2007 period
of 8,045 birch pollen/cm® compared with Tromsg in
the north with 632 birch pollen/cm® (Ramfjord and
Brobakk 2007), even though birch is much more
common in Tromsg than in Oslo (Fig. 1a; Johansen
and Karlsen 2007). However, it is reasonable to
believe that in most cases, areas with early onset of
birch flowering also have higher birch pollen pro-
duction than areas with late onset, because earlier
onset is associated with warmer climate and higher
pollen production.

4.2 Is the map of the onset of birch flowering
reliable?

The geographical pattern of the NDVI-based map
showing the onset of birch flowering (Figs. 2, 3)
seems reasonable, because it follows a south—north
and altitude pattern which corresponds to the gen-
eral temperature decrease along the same gradients
(Tveito et al. 2000). Correlations between the dates
when the accumulated birch pollen sum reaches 2.5%
of the annual total and the NDVI values interpreted as
onset of birch flowering are usually high, and are
significant for four of the seven stations with long
time series data. It should be noted, however, that all
stations in southern Norway are located at lower
altitudes and, therefore, not very representative of the

climatic and ecological diversity of southern Norway.
However, this study can be seen as an expansion of
the study by Karlsen et al. (2008) in which they
mapped northernmost Norway (Troms and Finnmark
counties) with the same method and satellite data but
with a year’s fewer data (2000-2006). Because 2007
was an average year in the north (Fig. 4), the results
of the two studies are almost identical for the
northernmost counties. Karlsen et al. (2008) used
phenology data on birch from 13 stations and found,
for stations with seven-year time-series data, moder-
ately strong positive correlations (r = 0.44-0.88)
between the NDVI data and the “onset of leafing of
birch”, when the NDVI-defined onset was tuned to
occur on average 1.5 days before the observed onset
of leafing of birch. The phenophase “onset of leafing
of birch” occurs a few days after “bud burst”, and
bud burst is well correlated with male flowering
(Linkosalo 1999, 2000). Because northernmost
Norway has many similarities with altitudinal areas
of southern Norway, it is reasonable to believe that
the presented NDVI-based onset map also is valid for
altitudinal areas of southern Norway. Karlsen et al.
(2008) also discussed the reliability of the NDVI-
defined onset of the growing-season map compared
with the map with other phenological and climatic
maps, and usually found good agreement. This
indicates that we can usually expect the method to
reflect the actual onset of birch flowering.

In addition, the presented NDVI-based map is in
agreement with comparable studies. Karlsen et al.
(2006, 2007) used the 8-km resolution GIMMS-
NDVI dataset for 1982-2002 and mapped the mean
onset and the yearly deviation in onset of growing
season correlated with the “onset of leafing of birch”
for the whole of Fennoscandia. The current MODIS-
NDVI-based maps (Figs. 2-4) show general agree-
ment in the pattern of onset but a slightly earlier mean
onset compared with the GIMMS-NDVI-based map.
However, this is most likely to be a result of the
2000-2007 period with MODIS-NDVI data being
warmer than the 1982-2002 period with GIMMS-
NDVI data. As the MODIS-NDVI-based map has
32 x 32 times better resolution than the GIMMS-
NDVI-based maps (250 m vs. 8 km), it reveals
details not found in the GIMMS-NDVI-based map.
This is particularly true for the mountain and fjord
areas of western Norway, where the GIMMS-NDVI-
based onset of the growing season map has only one
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or two classes representing the average pixel response
from sea, lowland, and mountains, whereas the
MODIS-NDVI-based map has seven classes in these
areas. The MODIS-NDVI data therefore seem more
suitable than GIMMS-NDVI data in a mountainous
landscape, such as most of Norway.

4.3 Future use of satellite data in pollen forecasts

Northern regions, for example Norway, are particu-
larly well suited to remote sensing-based monitoring
of the onset of birch flowering because of the abrupt
onset of the growing season, which can be easily
detected by NDVI data, and the rather small human
influence on vegetation. The method applied does not
work in agricultural areas, where onset relies on the
sowing time, or in urban areas, where the land has been
radically transformed. However, this is not of great
importance for Norway, because these areas cover
only 3.2% and 1.4% of Norway, respectively (Figs. 2,
3; Statistics Norway 2007). In more southern areas, for
example the southern part of the nemoral zone and in
the Mediterranean region of Europe, with a less clear
onset of the growing season and where drought periods
during the growing season affect the shape of the
NDVI curve, it would be more difficult to apply the
method. In addition, birch becomes more rare or even
absent in these parts. In areas where LDT of pollen is
frequent, for example in most of Finland, the satellite
data should serve only as a supplement to atmospheric
and biological models in pollen forecasting. However,
we believe our method could, in particular, be useful
in other more topographically complex areas than
Norway, for example the Alps, where atmospheric and
biological models are less reliable.

The NDVI-based map showing the onset of birch
flowering is intended to be used as one criterion in the
development of a new and improved division of
Norwegian pollen regions. As far as we are aware, this
is the first time remote sensing has been used as input
to improve the divisions for pollen forecasting. The
next step in applying remote sensing to pollen
forecasts is real-time monitoring to extrapolate the
point measurements from pollen traps to a spatially
wide area. In an operational framework, because of
clouds and limited spatial and temporal coverage of
available satellite systems, it is not possible to obtain
daily data coverage over large areas such as all of
Norway. Only a fraction can normally be covered each

@ Springer

day. However, the available satellite data, together
with meteorological data, can be assimilated into
phenological models, in order to obtain full coverage
and estimate deviation in birch flowering compared
with a determined normal year. This will help in
forecasting pollen emissions over large and ecologi-
cally and climatically heterogeneous areas such as
Norway. White and Nemani (2006) have described a
system for real-time monitoring and short-term fore-
casting of surface phenology which can be related to
pollen production, the next step in our project.

Acknowledgements This study was financed partly by the
project “Improved pollen forecasting by the use of MODIS-
NDVI satellite data” sponsored by the Norwegian Space
Centre, contract JOP.10.07.2, and partly by Norut, the Northern
Research Institute Tromsg, within the strategic institute
programme “New and improved remote sensing techniques
for environmental monitoring” (EnviMon).

References

Aune, B. (1993). Temperaturnormaler, normalperiode 1961—
1990. Det Norske Meteorologiske Institutt, Klima rapport,
02/93, Oslo, Norway.

Beck, P. S. A., Jonsson, P., Hggda, K. A., Karlsen, S. R.,
Eklundh, L., & Skidmore, A. K. (2007). A ground-vali-
dated NDVI dataset for monitoring vegetation dynamics
and mapping phenology in Fennoscandia and the Kola
peninsula. International Journal of Remote Sensing, 28,
4311-4330. doi:10.1080/01431160701241936.

Dahl, A. (1997). Pollensdsongen i Goteborg 1997. Goteborg:
Pollengruppen vid Goteborgs Universitet, Botaniska
institutionen.

Emberlin, J., Detandt, M., Gehrig, R., Jaeger, S., Nolard, N., &
Rantio-Lehtimiaki, A. (2002). Responses in the start of
Betula (Birch) pollen season to recent changes in spring
temperatures across Europe. International Journal of
Biometeorology, 46, 159-170. doi:10.1007/s00484-002-
0139-x.

Estrella, N., Menzel, A., Kriamer, U., & Behrendt, H. (2006).
Integration of flowering dates in phenology and pollen
counts in aerobiology: Analysis of their spatial and tem-
poral coherence in Germany (1992-1999). International
Journal  of  Biometeorology, 51, 49-59. doi:
10.1007/s00484-006-0038-7.

Fremstad, E. (1997). Vegetasjonstyper i Norge. Norsk institutt
for naturforskning, Temahefte, 12, Trondheim, Norway.

Fgrland, J. E. (1993). Nedbgrsnormaler, normalperiode 1961—
1990. Det Norske Meteorologiske Institutt, Klima rapport,
39/93, Oslo, Norway.

Haugen, T. (1998). Kjennskap og bruk av pollenvarselet.
Markeds og Mediainstituttet as. Rapport 4555, Oslo,
Norway.

Helgesen, M., & Helgesen, J. (2006). Norges fjelltopper over
2000 meter. Oslo: Glittertind forlag.


http://dx.doi.org/10.1080/01431160701241936
http://dx.doi.org/10.1007/s00484-002-0139-x
http://dx.doi.org/10.1007/s00484-002-0139-x
http://dx.doi.org/10.1007/s00484-006-0038-7

Aerobiologia

Hjelmroos, M. (1991). Evidence of long-distance transport of
Betula pollen. Grana, 30, 215-228.

Huete, A., Didan, K., Miura, T., Rodriguez, E. P., Gao, X., &
Ferreira, L. G. (2002). Overview of the radiometric and
biophysical performance of the MODIS vegetation indi-
ces. Remote Sensing of Environment, 83, 195-213. doi:
10.1016/S0034-4257(02)00096-2.

Hggda, K. A., Karlsen, S. R., Solheim, 1., Tégmmervik, H., &
Ramfjord, H. (2003). The start dates of birch pollen sea-
sons in Fennoscandia studied by NOAA AVHRR NDVI
data. In Proceedings of IGARSS 2002 (Vol. 6, pp. 3299—
3301).

Johansen, B., & Karlsen, S. R. (2007). Vegetation mapping of
Norway, using Landsat TM/ETM+ data. Preliminary
Norut Rapport, 387/1-08, Tromsg, Norway.

Karlsen, S. R., Elvebakk, A., & Johansen, B. (2005). A vege-
tation-based method to map climatic variation in the
arctic-boreal transition area of Finnmark, north-eastern-
most Norway. Journal of Biogeography, 32, 1161-1186.
doi:10.1111/j.1365-2699.2004.01199.x.

Karlsen, S. R., Elvebakk, A., Hggda, K. A., & Johansen, B.
(2006). Satellite-based mapping of the growing season
and bioclimatic zones in Fennoscandia. Global Ecology
and Biogeography, 15, 416-430. doi:10.1111/j.1466-
822X.2006.00234 x.

Karlsen, S. R., Solheim, I., Beck, P. S. A., Hggda, K. A.,
Wielgolaski, F. E., & Tgmmervik, H. (2007). Variability
of the start of the growing season in Fennoscandia,
1982-2002. International Journal of Biometeorology, 51,
513-524. doi:10.1007/s00484-007-0091-x.

Karlsen, S. R., Tolvanen, A., Kubin, E., Poikolainen, J., Hggda,
K. A., Johansen, B., et al. (2008). MODIS-NDVI based
mapping of the length of the growing season in northern
Fennoscandia. International Journal of Applied Earth
Observation and Geoinformation, 10, 253-266. doi:
10.1016/j.jag.2007.10.005.

Lillesand, T. M., & Kiefer, R. (1994). Remote sensing and
image interpretation (3rd ed.). New York: Wiley.

Linkosalo, T. (1999). Regularities and patterns in the spring
phenology of some boreal trees. Silva Fennica, 33,
237-245.

Linkosalo, T. (2000). Mutual regularity of spring phenology of
some boreal tree species: Predicting with other species
and phenological models. Canadian Journal of Forest
Research, 30, 667-673. doi:10.1139/cjfr-30-5-667.

Mahura, A. G., Korsholm, U. S., Baklanov, A. A., & Ras-
mussen, A. (2007). Elevated birch pollen episodes in
Denmark: Contributions from remote sources. Aerobio-
logia, 23, 171-179. doi:10.1007/s10453-007-9061-3.

Moen, A. (1999). National atlas of Norway: Vegetation.
Hgnefoss, Norway: Norwegian Mapping Authority.

Myneni, R. B., Keeling, C. D., Tucker, C. J., Asrar, G., &
Nemani, R. R. (1997). Increased plant growth in the
northern high latitudes from 1981 to 1991. Nature, 386,
698-702. doi:10.1038/386698a0.

Oikonen, M. K., Hicks, S., Heino, S., & Rantio-Lehtiméki, A.
(2005). The start of the birch pollen season in Finish
Lapland: Separating non-local from local birch pollen and
the implication for allergy sufferers. Grana, 44, 181-186.
doi:10.1080/00173130510010602.

Porsbjerg, C., Rasmussen, A., & Backer, V. (2003). Airborne
pollen in Nuuk, Greenland, and the importance of mete-
orological parameters. Aerobiologia, 19, 29-37. doi:
10.1023/A:1022674007985.

Ramfjord, H., & Brobakk, T. E. (2007). Registrering av pollen
og sporer i 2007. The Norwegian University of Science
and Technology (NTNU), Annual report, Trondheim,
Norway (in Norwegian).

Ranta, H., Kubin, E., Siljamo, P., Sofiev, M., Linkosalo, T.,
Oksanen, A., et al. (2006). Long distance pollen transport
cause problems for determining the timing of birch pollen
season in Fennoscandia by using phenological observa-
tions. Grana, 45, 297-304. doi:10.1080/001731306
00984740.

Rasmussen, A. (2002). The effects of climate change on the
birch pollen season in Denmark. Aerobiologia, 18, 253—
265. doi:10.1023/A:1021321615254.

Skjgth, C. A., Sommer, J., Brandt, J., Hvidberg, M., Geels, C.,
Hansen, K. M., et al. (2008). Copenhagen—a significant
source of birch (Betula) pollen? International Journal of
Biometeorology, 52, 453-462. doi:10.1007/s00484-007-
0139-y.

Statistics Norway. (2007). Statistisk sentralbyrd. Emnegruppe
01 Naturressurser og miljp 2007. Report (in Norwegian),
Oslo, Norway.

Stockli, R., & Vidale, P. L. (2004). European plant phenology
and climate as seen in a 20-year AVHRR land-surface
parameter data set. International Journal of Remote
Sensing, 25, 3303-3330. doi:10.1080/01431160310001
618149.

Tucker, C. J., Pinzon, J. E., Brown, M. E., Slayback, D. A.,
Pak, E. W., Mahoney, R., et al. (2005). An extended
AVHRR 8-km NDVI dataset compatible with MODIS and
SPOT vegetation NDVI data. International Journal of
Remote Sensing, 26, 4485-4498. doi:10.1080/0143116
0500168686.

Tveito, O. E., Fgrland, E. J., Heino, R., Hanssen-Bauer, 1.,
Alexandersson, H., Dahlstrom, B., Drebs, A., Kern-Han-
sen, C., Jonsson, Y., Vaarby Laursen, E., & Westman, Y.
(2000). Nordic temperature maps. DNMI Report 09/00,
Oslo, Norway.

Tveito, O. E., Fgrland, E. J., Alexandersson, H., Drebs, A.,
Jonsson, T., Tuomenvirta, H., & Vaarby Laursen, E.
(2001). Nordic climate maps. DNMI Report 06/01, Oslo,
Norway.

Van Vliet, A. J. H., Overeem, A., De Groot, R. S., Jacobs,
A. F. G., & Spieksma, F. T. M. (2002). The influence of
temperature and climate change on the timing of pollen
release in the Netherlands. International Journal of Cli-
matology, 22, 1757-1767. doi:10.1002/joc.820.

Walker, D. A., Epstein, H. E., Jia, G. J., Balser, A., Copass, C.,
Edwards, E. J., et al. (2003). Phytomass, LAI, and NDVI
in northern Alaska: Relationship to summer warmth, soil
pH., plant functional types, and extrapolation to the cir-
cumpolar Arctic. Journal of Geophysical Research, 108,
8169. doi:10.1029/2001JD000986.

White, M. A., & Nemani, R. R. (2006). Real-time monitoring
and short-term forecasting of land surface phenology.
Remote Sensing of Environment, 104, 43-49. doi:
10.1016/j.rse.2006.04.014.

@ Springer


http://dx.doi.org/10.1016/S0034-4257(02)00096-2
http://dx.doi.org/10.1111/j.1365-2699.2004.01199.x
http://dx.doi.org/10.1111/j.1466-822X.2006.00234.x
http://dx.doi.org/10.1111/j.1466-822X.2006.00234.x
http://dx.doi.org/10.1007/s00484-007-0091-x
http://dx.doi.org/10.1016/j.jag.2007.10.005
http://dx.doi.org/10.1139/cjfr-30-5-667
http://dx.doi.org/10.1007/s10453-007-9061-3
http://dx.doi.org/10.1038/386698a0
http://dx.doi.org/10.1080/00173130510010602
http://dx.doi.org/10.1023/A:1022674007985
http://dx.doi.org/10.1080/00173130600984740
http://dx.doi.org/10.1080/00173130600984740
http://dx.doi.org/10.1023/A:1021321615254
http://dx.doi.org/10.1007/s00484-007-0139-y
http://dx.doi.org/10.1007/s00484-007-0139-y
http://dx.doi.org/10.1080/01431160310001618149
http://dx.doi.org/10.1080/01431160310001618149
http://dx.doi.org/10.1080/01431160500168686
http://dx.doi.org/10.1080/01431160500168686
http://dx.doi.org/10.1002/joc.820
http://dx.doi.org/10.1029/2001JD000986
http://dx.doi.org/10.1016/j.rse.2006.04.014

	A satellite-based map of onset of birch (Betula) flowering �in Norway
	Abstract
	Introduction
	Material and methods
	Study area
	Airborne birch pollen data
	Satellite data in mapping onset of birch flowering

	Results
	Timing of the onset of birch flowering
	The geographical pattern of onset of birch flowering
	Annual and spatial variability

	Discussion
	Use of the NDVI-based map of onset of birch flowering
	Is the map of the onset of birch flowering reliable?
	Future use of satellite data in pollen forecasts

	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


