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1. INTRODUCTION

Extensive agricultural areas on sandy soils in north-
west Europe experience severe damage due to wind
erosion in terms of reduction of production, pollution
and loss of topsoil. According to Oldeman et al. (1991),
around 42 million ha of the European Union (EU) area
are affected by wind erosion. The largest costs related
to wind erosion in cultivated regions in Europe are for
crop losses and additional expenses associated with re-
sowing (Riksen & De Graaff 2001). Thus, damage to
high-cost crops such as sugar beet and oilseed rape is
particularly expensive for the farmer (Riksen & De

Graaff 2001). In Sweden, Denmark and The Nether-
lands the damage on arable land due to wind erosion
has long been recognised as a problem that in some
cases has led to the development and application of
wind erosion protection measures (e.g. Als 1989,
Eppink & Spaan 1989, Hansen 1989, Jönsson 1994). 

Scania (in Swedish: Skåne), southern Sweden, is
partly levelled and intensively cultivated. This land-
scape is similar to the larger north European agricul-
tural region, the Quaternary Plains, which extends
from Belgium to Poland. This environment is suscepti-
ble to wind erosion during dry weather conditions in
spring when fields are largely bare.
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The effects of wind erosion in this region were
recorded as early as 1749 by Carl von Linnaeus, who
travelled through Scania in the late 1740s (Linnaeus
1751). Dunes formed in the sandy soil areas of Scania
during the 18th and early 19th centuries suggest that
wind erosion was more intensive during this period.
Mattsson (1987) described the increase of wind erosion
problems during this period as a result of an increase
in ecological pressure on the landscape caused by a
growing population and a high frequency of strong
easterly winds. Descriptions of several recent severe
wind erosion events in Scania have been published
(Rasmusson 1962, Åhman 1974, Mattsson et al. 1983,
Nihlén 1990, Nihlén & Åhman 1991). 

Wind erosion can be conceptualised as ‘soil erodibil-
ity’ and ‘wind erosivity’. The term erodibility includes
properties of the soil that are relevant for soil particle
mobilisation and transport. Erosivity refers to the abil-
ity of the wind to erode. Furthermore, the amount of
soil moisture and vegetation or crop cover are of criti-
cal importance as these factors have inhibiting effects
on wind erosion.

Whilst westerly winds dominate in Scania, winds
from the easterly sector cause most severe wind ero-
sion (Jönsson 1992). Easterly winds evolve during an
anti-cyclonic situation with the high pressure located
over Scandinavia and lower pressure located over the
European continent. An easterly airflow implies advec-
tion of a continental air mass, which is generally drier
and thus less associated with precipitation compared
to westerly airflow. Westerly airflow is associated with
advection of moist air from the North Atlantic that of-
ten produces precipitation in connection with fronts
and cyclones. As the atmospheric circulation is gov-
erned by the pressure distribution, there is a funda-
mental connection between the sea level pressure dis-
tribution and erosive winds. 

The ongoing debate regarding climate change has
highlighted the importance of understanding relation-
ships between the atmospheric circulation and surface
processes, such as wind erosion. However, in order to
investigate the impact of climate change on wind ero-
sion in Scania the relationship between atmospheric
circulation and wind erosion must first be established.
As yet, for Scania and north-west Europe this relation-
ship is not well understood. In this paper we aim to
identify and investigate those synoptic pressure distri-
bution patterns that are associated with wind erosion
in Scania. At a later stage the results of this work may
be used for examining the impact of climate change on
wind erosion.

The area for which the mean-sea-level pressure
(MSLP) patterns are computed comprises large parts of
northern Europe and the North Atlantic. This region is
dominated by meteorological features that shape the

climate of southern Scandinavia: the Azores High, the
Icelandic Low, Polar and Arctic fronts with associated
cyclonic activities and the thermal Asian anticyclone
developed over the Asian continent in winter. These
features are important for the weather development in
Scania even though their influence is mainly indirect
on the regional winds over southern Sweden. 

2. DATA SETS

Four data sets are used: a wind erosion indicator
(1948–1991); measurements of wind speed and wind
direction (1973 onwards); precipitation (1895–1990/
1958 onwards) and gridded MSLP (1899–1999). The
wind data begin in 1973 and the wind erosion indicator
is not consistent after 1991. The study period is thus
1973–1991, when all 4 data sets overlap.

2.1. Indicator of actual wind erosion

The sugar beet company DANISCO Sugar, formerly
the Swedish Sugar Company (Sockerbolaget AB), kept
records for each factory district of the areal extent of
sugar beet fields that needed re-sowing due to wind
erosion during the period 1949−1997. These records
are based on weekly reports from the farmers and
cover a period each year when the crop is vulnerable to
external damage. More specifically, the wind erosion
indicator data begin each year when 50% of the total
sugar beet hectareage is sown and end when the crop
cover is sufficiently protective (Jönsson 1992). We use
these data as an indicator for the occurrence of actual
wind erosion. For the purpose of this study we refer to
weeks when re-sowing was needed as ‘erosion weeks’.
The factory district used in this study is Jordberga, sit-
uated in southeast Scania (Fig. 1). Over time, the num-
bers of districts and their areal extent have changed
because sugar beet factories have closed and the dis-
tricts were agglomerated; amongst those affected was
Jordberga. However, these changes are accounted for
in the record of wind erosion events 1973–1988 (Jöns-
son 1992). From 1988 no alterations regarding the
extent of the district were made until 1992 when the
Jordberga district was merged with another district,
which is located some 300 km NE of Jordberga. After
this agglomeration of districts there were no means to
separate the wind erosion data belonging to each dis-
trict and thus data after 1991 were omitted from the
analysis. 

During the period 1973−1991, wind erosion was
reported in 36 weeks for the Jordberga district. These
erosion weeks occurred mainly during the second half
of May and to a lesser extent during the first halves of
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May and June, and also on one occasion in early July.
The extent and timing of wind erosion varies from year
to year depending on weather conditions but is gener-
ally restricted to April 15–July 15, taking into account
the single observation in early July. From here on we
refer to the period April 15–July 15 as the ‘wind ero-
sion season’.

Wind speed (Section 2.2) and precipitation data (Sec-
tion 2.3) were used to identify days within the erosion
weeks that are most likely to experience wind erosion.
These days are defined as ‘erosion days’.

2.2. Wind data

Wind erosion indicator data are available only on a
weekly basis. It is, however, necessary to identify the
days within each week when wind erosion is most likely
to occur. For that purpose we use wind speed measure-
ments from the Swedish Meteorological and Hydrolog-
ical Institute (SMHI) weather station at Sturup Airport
(Fig. 1). This station is located within the study area.

Wind speed (m s–1) and direction (10 degree bins) are
measured simultaneously at two 10 m masts located at
each end of the main runway of the airport. The masts
are approximately 2 km apart in the north-south direc-
tion. Only the recording from the mast with the larger
of the two 10 min averages of wind speed is retained in
the data set. The observation times were every third

hour (00:00, 03:00, 06:00, …, 21:00 h UTC [universal
time coordinated]) during the time period January 1,
1973–November 6, 1988 and twice every hour (00:00
and 00:30 h, etc.) from November 7, 1988 onwards. To
ensure that the data set is consistent we used a 3
hourly resolution throughout the entire study period
(1973–1991).

A wind speed threshold was used to identify days
with potential wind erosion within the erosion weeks.
If this threshold was exceeded at any of the 8 wind
observations during a day, it was kept for the next
stage when precipitation was considered. We wanted
to use a threshold that gave a substantial reduction in
the number of erosion days without rejecting any week
with substantial wind erosion, as it is likely that during
the erosion week wind erosion only occurred on a few
days. We tested several thresholds, ranging from 6 to
12 m s–1 in steps of 1 m s–1, and arrived at 9 m s–1 as a
suitable wind speed threshold. This threshold reduced
the data set from 252 possible erosion days to 87. Only
3 erosion weeks (in 1974, 1989 and 1990) with minor
wind erosion were rejected. Lower thresholds gave
smaller reductions and larger thresholds rejected 5 or
more of the 36 erosion weeks.

2.3. Precipitation data

Precipitation is generally an inhibiting factor on
wind erosion because the soil surface erodibility is sub-
stantially lower when it is wet. Thus, it is important to
take into consideration the precipitation for each possi-
ble erosion day identified using the wind speed thresh-
old. Here we use daily precipitation data (mm) from
the SMHI station Jordberga (1895–1990) located
within the study area (Fig. 1) for the period 1973–1990.
The station was closed in 1991. Five missing months
(April 1975, July 1979, February and May 1989 and
March 1990) and the whole missing year 1991 were
replaced using data from the nearby SMHI station
Tomelilla (1958 onwards) (Fig. 1). When using a
threshold of more than 3 mm precipitation the number
of erosion days decreased from 87 to 75 d. Further low-
ering of the threshold required omitting one of the ero-
sion weeks in 1984, which was not desirable.

2.4. Pressure data

Daily (12:00 h UTC) gridded (5° latitude by 5° longi-
tude) MSLP data from the National Center for Atmos-
pheric Research (NCAR data set DS010.0) for the
period 1973–1999 was used for the map pattern classi-
fication. The grid window covered the area 17.5° W to
32.5° E and 42.5 to 77.5° N and included in total 70 grid
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Fig. 1. Map showing the sugar beet district of Jordberga (the
shaded area) and the locations of the Sturup, Jordberga and
Tomelilla SMHI meteorological stations in Scania. See Fig. 2 

for the location of Scania
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cells (Fig. 2). During the study period (1973–1991) the
data set originates from the US Navy operational
objective analysis scheme. Missing data grids com-
prised 140 d (1.5%) and were replaced by linear inter-
polation between adjacent values in each grid cell time
series.

3. METHODOLOGY

3.1. Map-pattern classification

There are several methods to extract the essential
modes of variation in a gridded data set, such as a
MSLP grid, into a finite number of patterns. These
methods are usually described as either subjective or
objective, or more appropriately as manual or auto-
mated (Yarnal 1993). Examples of the former are the
well-known Lamb weather type classification (Lamb
1950) and the European Grosswetterlagen (Hess &
Brezowsky 1977). Examples of automated classifica-
tion methods include correlation-based or eigenvector-
based methods such as principal component analysis
(PCA). Advantages and disadvantages of using the dif-
ferent approaches are discussed by, e.g., Yarnal (1993)
and Frakes & Yarnal (1997). The main advantage of
using an automated classification is its repeatability
and time efficiency.

Here, we use PCA conducted in the spatial domain
followed by a cluster analysis of the PCA scores to
extract and group the underlying structure of variation
in the spatial pressure pattern. Averaging these pres-
sure patterns within each cluster produces a set of
patterns that describes the typical synoptic pressure

patterns for the study area. Together these patterns
comprise a map-pattern catalogue for Scania. 

Although the PCA technique includes a number of
semi-subjective decisions, such as method for compo-
nent rotation, number of principal components (PCs) to
retain for further analysis, etc., the method is inten-
sively used and is a well-established method for analy-
sis of spatial variation in several climatological vari-
ables such as MSLP (e.g. White et al. 1991, Kidson
1994, Compagnucci & Salles 1997). 

3.2. Pressure data filtering

Analysis of the pressure patterns used data from the
entire year in order to include the full range of spatial
variability in the pressure over northern Europe. How-
ever, to avoid the result of the PCA being swamped by
seasonal characteristics, the pressure data must first be
de-seasonalized (Yarnal 1993). High-pass filtering
with a centred moving average filter was used to
remove all common variance on a time scale longer
than the maximum duration of synoptic systems
(Hewitson & Crane 1992). The filter length used was
slightly smaller than the first significant harmonic of
the data set. Hewitson & Crane (1992) estimated the
first harmonic using the auto-correlation function and
power spectra of the pressure time series. We used
SPECTRUM software (Schultz & Stattegger 1997) to
estimate the significant harmonic. The harmonic
analysis of all 70 grid cell time series gave a significant
(at α = 0.05) period at 16 d in 61% of the time series.
The length of the moving average filter was thus set to
15 d. Centred on the day concerned, the filter was
applied on daily map averages (the filter process
implies that the first and last 7 d are removed from the
MSLP grid time series). Finally, the pressure grid was
re-calculated as the deviations between each grid cell
and the moving average, thus keeping the spatial
pattern within each daily pressure map. All analyses
were based on the high-pass filtered pressure data.

3.3. Identification of synoptic pressure patterns

3.3.1. Principal component analysis

PCA extracts dominant patterns of variability from
statistical fields, such as maps of pressure distribution
(von Storch & Zwiers 1999). Here grid cells with similar
temporal variation were grouped using S-mode PCA
(Yarnal 1993). The S-mode refers to the decomposition
of the input de-seasonalized pressure matrix, where
rows represent time and columns grid cells. A correla-
tion matrix was developed on the input data matrix,
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Fig. 2. Grid points from the National Center for Atmospheric
Research (NCAR) data set used in the principal component
analysis (PCA). The grey square marks roughly the region of 

Scania (Fig. 1)
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which comprised 9117 observations of MSLP on 70
grid nodes. Richman (1986) suggested rotation of the
PCs to avoid domain shape dependence, sub-domain
instability, sampling problems and inaccurate repre-
sentation of the underlying physical relationships.
There are 2 basic techniques that may be used for rota-
tion: orthogonal rotation and oblique rotation. The for-
mer method changes the relationship between the
components but retains the orthogonal constraint of
the eigenvector model. Oblique rotation patterns may
become more distinct by allowing correlated PCs, but
this prohibits the calculation of explained variance,
which is a useful measure of each component’s impor-
tance. In the next stage of the analysis the PC scores
are clustered and average pressure maps are produced
for each cluster; hence, the fine-tuning provided by the
oblique rotation is unnecessary and may even compli-
cate the clustering process (Yarnal 1993). Here the
widely applied Varimax rotation (Kaiser 1958) is used
for rotating the PCs in order to obtain more easily
interpretable loading patterns. See Richman (1986)
and von Storch & Zwiers (1999) for further details on
the Varimax rotation. 

Six PCs accounted for 89% of the total variance
(Table 1), which together described the essential
synoptic patterns over the study area. The decision to
retain 6 PCs for the cluster analysis was based on 2
graphical aids: the scree plot (Cattell 1966, Fig. 3a)
and the log scree plot (Davis & Kalkstein 1990,
Fig. 3c), and Kendall-North’s rule-of-thumb (North et
al. 1982, Fig. 3b). The scree plot (Fig. 3a) levels out at
PC 6, and the largest value in Fig. 3c refers to the
distance between PC 5 and PC 6. These graphs indi-
cate a rapid decrease in explained variance between
PC 5 and PC 6, after which little is added to the
explained variance. The distance between the neigh-
bouring eigenvalues and the sampling error of the
eigenvalue reach the same magnitude at about PC 7
(Fig. 3b); thus, there should be no contamination
between PC 1 and PC 6.

Maps of rotated PC loadings (RPCs) are shown in
Fig. 4. RPC 1 shows a high pressure centre located
over central Europe that may be a part of the northerly
ridge that during winter stretches from the Azores high
to the Asian high over Spain, central Europe to Russia
(Fig. 4a). RPC 2 shows high pressure near Iceland that
extends across the North Sea and southern Scandi-
navia to another high pressure area over south-eastern
Europe (Fig. 4b). RPC 3 displays an extensive deep low
pressure cell centred between Norway and the British
Isles and that dominates large parts of Europe (Fig. 4c).
RPC 4 (Fig. 4d) shows a trough in a south-west to
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PC Eigenvalue Explained Cumulative explained
variance (%) variance (%)

1 22.7 32 32
2 15.5 22 55
3 11.6 17 71
4 5.8 8 79
5 4.6 7 86
6 2.2 3 89
7 1.5 2 91
8 1.3 2 93
9 0.8 1 94
10 0.6 1 95

Table 1. Summary of the principal component analysis (PCA)

Fig. 3. Scree plot of the PCA of the daily mean-sea-level
pressure (MSLP) grids. (a) Eigenvalues, (b) component-to-
component change in eigenvalues (λ; D) and their respective
sampling error (s), (c) component-to-component change in
the natural logarithm of the eigenvalues plotted against the 

component number
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north-east direction over Scandinavia and RPC 5
(Fig. 4e) shows a pronounced high west of the British
Isles and a low over southern Scandinavia. RPC 6
(Fig. 4f) shows a distinct high pressure over Eastern
Europe and a low pressure over the British Isles.

Our 3 leading modes show high similarity to the 3
leading patterns of an Empirical Orthogonal Analysis
(EOF) performed on monthly European pressure series
by Slonosky et al. (2000). Whilst they chose to use only
those 3 modes, we included an additional 3 modes. The
larger number needed to represent the variation may
be explained by larger variation in a daily data set
compared to a monthly data set.

3.3.2. Clustering of PC scores

To find days with similar characteristics regarding
their similarity to the PC loadings, the PC scores were
grouped using a cluster analysis. Since there was no
reason to assume an underlying hierarchical structure
in the data we used a non-hierarchical cluster analysis,
which partitioned the days into a pre-determined num-
ber of groups, using an iterative algorithm that opti-

mises a chosen criterion (Everitt 1986). Start-
ing from an initial classification, days were
transferred from one group to another or
swapped with days from other groups until
no further improvement occurred in the crite-
rion value. The within-class dispersion mea-
sure, giving compact groups, was chosen as
the clustering criterion (Everitt 1986). 

The cluster analysis was run between 1 and
20 clusters. The number of clusters chosen
was based on the distribution of erosion days
within the different clusters. The largest
number of erosion days was assembled into 1
cluster when 14 clusters were used in the
cluster analysis. For larger or smaller number
of clusters the erosion days were spread out
in a less distinct way. Thus, the final number
of clusters was set to 14 even though the
purely statistical criterion indicated that 11
clusters were enough. Hereafter we will refer
to the clusters as patterns P1 to P14.

3.3.3. Identification of patterns associated
with erosion

To identify those patterns that are gener-
ally more frequent during the erosion days
compared to the erosion season, a simple
Index of Occurrence (IO) was created:

By weighting the IO with the total re-sown area, we
defined an Index of Erosion Severity (IES) that identi-
fied those patterns that were associated with large
wind erosion damage and that were fairly common
during erosion days relative to the erosion season. 

IES  =  IO × total re-sown area (ha)

Pressure patterns with substantially higher IES val-
ues were defined as ‘erosive patterns’ (see Section 4.2).

4. RESULTS

4.1. Typical climate features of wind erosion events

The wind conditions during the erosion season
(April 15–July 15), the erosion days and days with
severe wind erosion (events with re-sown hectareage
exceeding the 75th percentile, 10 ha) are displayed in
Fig. 5. For the study period (1973−1991) the wind
direction during the erosion season was characterised

 
IO

Relative frequency during the erosion days
Relative frequency during the erosion season

=
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Fig. 4. (a−f) Loading patterns of the first 6 PCs of the daily de-seasonalized 
MSLP grids
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by a bimodal distribution (east 42% and west 58%)
and a wind speed distribution, which had a peak at 4 to
5 m s–1. The high wind speeds were usually associated
with westerly winds (Fig. 5a,b). The wind conditions
differed markedly from the average conditions during
the erosion days. During the erosion days, easterly
winds dominated (57%) and the distribution of wind
speeds was clearly shifted towards higher wind
speeds, both for easterly and westerly winds (Fig.
5c,d). Days with severe wind erosion had an even
larger proportion of easterly winds (73%; Fig. 5f) and
displayed the highest wind speeds (Fig. 5e).

The synoptic circulation during wind erosion events
is shown in Fig. 6. As the previous analysis (Fig. 5)

clearly revealed a bi-modal (east/west)
distribution of wind directions during
wind erosion days, the erosion days were
separated into a westerly (181 to 360° W,
33 d) and an easterly (1 to 180° E, 42 d)
group. The average de-seasonalized
pressure maps for each group (Fig. 6a,b)
display strong pressure gradients over
southern Sweden. For the easterly situa-
tions (Fig. 6a), the gradient is between
high pressure over mid-Scandinavia and
low pressure over central Europe. The
small standard deviations over Scandi-
navia (Fig. 6c) indicate that the anticy-
clone is a persistent feature. The west-
erly situations (Fig. 6b) show a low over
the Bay of Bothnia and a ridge extending
over the North Atlantic towards central
Europe. The combination of the high
pressure to the southwest and the larger
standard deviations over Scandinavia
suggests that the cyclones follow a
northerly track over Scandinavia
(Fig. 6d). 

4.2. Relationships between pressure
patterns and wind erosion

Table 2 shows the frequency of each
pattern during the entire year, the ero-
sion season, the erosion weeks, the ero-
sion days, the easterly erosion days and
the westerly erosion days. The group of
easterly erosion days is somewhat larger
compared to the group of westerly ero-
sion days. The most frequent patterns
during the year are P1 (11%) and P14
(12%). During the erosion season, these
patterns are relatively even more fre-
quent and together with P2, P5 and P7

make up 72% of the total number of days. During ero-
sion weeks, and particularly on the erosion days, P7 is
the most dominant pattern, occurring on ca. 30% of the
erosion days and 55% of the easterly erosion days.
Hence, the most common pattern during erosion days
is associated with easterly winds in Sturup. 

Pressure patterns P5, P7, P9, P12 and P13 all have an
IO > 1, which implies that they are more common on
erosion days than during the erosion season in general
(Table 2). Large IO values may occur both when the
frequency is rather high during the erosion season (but
even higher during erosion days), e.g. P7, and by being
rare during the erosion season (but being relatively
frequent on the erosion days), e.g. P9. 
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Fig. 5. (a to f) Wind climate (1973 to 1991) at the Sturup SYNOP station
(including all 8 observations per day). Wind speed (m s–1) and wind direction
distribution (on 8 sectors) for (a,b) the erosion season (April 15 to July 15),
(c,d) erosion days. (e,f) erosion days associated with re-sown area >10 ha (the
75% percentile). The inner circle marks 25%, the middle circle 50% and the 

outer circle 75%
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The areal extent of the wind erosion damage associ-
ated with each pattern is shown in Table 3, together
with the number of days with slight/moderate/severe
erosion and the total re-sown area for each pressure
pattern. The severity grouping of the different erosion

days was based on the 25th and 75th percentiles (1 and
10 ha respectively) of the re-sown areas of the erosion
days. The definitions of the groups are: slight wind
erosion (<1 ha), moderate wind erosion (1 to 10 ha) and
severe wind erosion (>10 ha). 
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Fig. 6. Maps of averaged de-seasonalized pressure (hPa) for the identified erosion days with (a) easterly and (b) westerly winds 
and their corresponding standard deviations (c) and (d)

Pattern Year Erosion season Erosion week Erosion day Erosion days Erosion days IO
(%) (%) (%) (%) East West

N 6932 1748 253 75 42 33
P1 11 18 16 8 2 4 0.4
P2 8 9 5 4 3 0 0.4
P3 6 4 7 4 3 0 1.0
P4 8 7 9 3 1 1 0.4
P5 9 10 8 13 1 9 1.3
P6 8 5 2 3 0 2 0.5
P7 8 14 21 33 23 2 2.3
P8 5 0 0 0 0 0 0
P9 4 1 2 7 0 5 7.4
10 6 0 0 0 0 0 . 0
P11 4 0 0 0 0 0 . 0
P12 7 3 4 4 0 3 1.5
P13 6 6 9 8 3 3 1.4
P14 12 21 18 13 6 4 0.6

Table 2. Relative frequency (%) of each pressure pattern (P) during the entire year, the erosion season, the erosion weeks and the
erosion days in Jordberga, south-east Scania, southern Sweden. Number of erosion days within each pattern with easterly (1 to
180° E) and westerly winds (181 to 360° W) respectively. The Index of Occurrence (IO) is the relative importance of each pattern
during the erosion days relative to the erosion season. The italic digits in the first row denote the sum (N) of observations per 

column. All the IOs that exceed unity are indicated in bold
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The relative damage, computed as the percentage of
the total re-sown area, associated with each pattern
shows that the greatest damage is associated with P7
(74%), followed by P14 (6%), P9 (5%), P5 (4%), P1
(4%) and P3 (3%) (Table 3). Remaining patterns are
associated with minor damage. Each erosion day was
given a proportion of the weekly re-sown area relative
to the number of erosion days within the erosion week
(e.g. 1⁄3 if there are 3 erosion days within the erosion
week under consideration).

A plot of IES versus pressure pattern is shown in
Fig. 7. By visual inspection, we observe that the pres-

sure patterns can be separated into 3 groups: the east-
erly P7 and the westerly P9 associated with highest IES
(460 to 2100); P5, P14, P3, P12, P1 and P13 (IES = 15 to
70) and the remaining patterns (IES < 2). P9 is very
infrequent during the erosion season but is associated
with large damage (re-sown area), whereas P7 is fre-
quent during the erosion season and associated with a
large number of moderate and severe erosion days
(Tables 2 & 3). Following these 2 patterns is the second
group, which is associated with smaller IES values and
has several different combinations of IO and IES.
Hence, the patterns of the first 2 groups are referred to
as the erosive patterns. The discussion in Section 5 will
focus on the properties of the erosive patterns, as they
are considered to be of primary interest regarding
wind erosion in Jordberga.

4.3. Properties of the erosive patterns

4.3.1. Spatial and temporal characteristics

Fig. 8 shows the average de-seasonalized pressure
for each pressure pattern associated with erosion
sorted in decreasing order according to their IES.
Since the maps are based on all days during the entire
year they show smooth patterns. The highest IES is ob-
tained by P7, which shows a low pressure system over
central Europe with an easterly flow over Scania
(Fig. 8a). The pressure pattern of P7 shows obvious
similarities to that of the easterly erosion days shown
in Fig. 6a. For P9, a strong north-westerly flow over
Scania due to a pronounced pressure gradient be-
tween low pressure in the northern parts of Scandi-
navia and high pressure over western France is
observed (Fig. 8b). In the pressure pattern for P5
(Fig. 8c) the dominating feature is low pressure situ-
ated over central Norway and Sweden, producing a
westerly to north-westerly flow over Scania. P5 was the
most frequent pattern amongst the westerly erosion
days (Table 2). Together with the pressure pattern of
P9, the P5 pressure pattern has a large influence on the
average pressure pattern for the westerly erosion days
(Fig. 6b). The pressure pattern of P14 (Fig. 8d) displays
a saddle-point over southern Scandinavia, with low
pressure in the east and west producing a weak large-
scale pressure gradient over southern Scandinavia. In
the averaging process the somewhat different disposi-
tion of the pressure centres creates a pattern with
weak pressure gradients. Visual inspection of synoptic
pressure maps for the days classed as P14 showed the
presence of weather systems, such as fronts and low
pressure systems, which during a limited time period
give high wind speeds in Jordberga. One example of
such an event is shown in Fig. 9. Deep low pressure off
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Pattern Slight Moderate Severe Re-sown Relative
erosion erosion erosion area damage

(ha) (%)

P1 2 2 2 50 4
P2 2 1 0 3 0
P3 1 0 2 43 3
P4 2 0 0 1 0
P5 2 7 1 53 4
P6 1 1 0 3 0
P7 3 14 8 912 74
P8 0 0 0 0 0
P9 0 3 2 63 5
P10 0 0 0 0 0
P11 0 0 0 0 0
P12 0 3 0 17 1
P13 3 3 0 11 1
P14 3 4 3 79 6

Table 3. For each pattern, number of days with slight erosion
(less than the 25th percentile, 0 to 1 ha), moderate erosion (1
to 10 ha), severe erosion (above the 75th percentile, >10 ha),
the total re-sown hectareage (ha) and the relative damage
expressed as the percentage of the total re-sown area associ-

ated with each pattern are shown

Fig. 7. Index of Erosion Severity (IES) for each pressure 
pattern. The IES values are plotted in descending order
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the west coast of Ireland dominates the pressure distri-
bution of P3 (Fig. 8e). It produces south-westerly winds
over western central Europe that turn southerly/south-
easterly over Scandinavia. P12 (Fig. 8f) displays a low
pressure system close to Iceland that produces mainly
westerly winds over northern Europe (Fig. 8f). The
pressure pattern for P1 shows high pressure over the
British Isles and low pressure over Russia (Fig. 8g),
resulting in a northerly flow over Scania. P13 displays

a ridge over Eastern Europe extending towards the
southern parts of Scandinavia with associated south-
easterly winds (Fig. 8h).

The specific synoptic conditions during the erosion
days were investigated using the daily synoptic weather
maps from SMHI and Berliner Wetterkarte. These maps
were compared with the average pressure patterns
in Fig. 8. The comparison showed that the distinctive fea-
tures of each classified pattern are found in the individ-
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Fig. 8. Maps of average de-seasonalized pressure (hPa) for each erosive pattern ordered according to descending values of their 
respective IES: P7, P9, P5, P14, P3, P12, P1 and P13
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ual weather maps of the erosion days.
However, the circulation, as described by
the average pressure patterns (Fig. 8), may
be different due to the presence of local
low or high pressure centres in the region.
This suggests that the pressure patterns in
Fig. 8 show the average situation, but that
conditions during a particular erosion day
may contain local variation. 

The evolution and persistence of the
pressure patterns during the wind erosion
season were investigated by counting the
pressure patterns of each type that suc-
ceeded each of the erosive patterns
(Table 4). With the exception of P9, the
most common succeeding day’s pattern is
always classified as the same as that of
the day under consideration (ranging
from 42% for P12 to 62% for P7 and P14).
P9 is most often followed by P1 (33%).
The sequences of erosive pressure pat-
terns 3 d before and after all recorded
erosion days are listed in Appendix 1.
From this list it is clear that P7 is the most persistent
pattern and that P9 is the most transient pattern.

4.3.2. Wind characteristics for the erosive patterns

The large-scale wind characteristics of the erosive
patterns as interpreted from the isolines in Fig. 8 were
compared with wind observations from the Sturup sta-
tion. Table 5 shows, for each pattern, the average wind
speed and relative frequency of wind direction (8 com-
pass directions). There is a good relationship between
the observed wind speed averages and directions of
the large-scale atmospheric motion as derived from the
patterns. Easterly winds dominate for P7, P3 and P13,
westerly winds dominate for P1, P5, P9 and P12,

whereas for P14 there is a bimodal (main modes in
westerly and easterly directions) wind distribution.
The average wind speed is similar for most patterns
(4.5 to 5.8 m s–1). Only P9 appears different as it has an
average wind speed of 7.2 m s–1 and also a markedly
higher fraction of wind speeds ≥9 m s–1 (34%) than the
other patterns (7 to 19%). 

4.4. Inter-annual variation in the distribution of
patterns and wind erosion damage

The temporal distribution of wind erosion days and the
sum of re-sown area (for each erosion season) is shown in
Fig. 10. The largest number of erosion days occurred in
1974 and 1984 when 7 and 6 re-sowing events were re-

ported, respectively. In general, be-
tween 1 and 3 re-sowing events occur
per erosion season. For most erosion
weeks 1 or 2 days are singled out as
erosion days, with the exception of an
erosion week in mid-May 1981 that
contains 6 erosion days. Fig. 10 shows
the reported re-sown area for each
year, ranging from 0 ha (in
1977/80/82/85/87/89) to 821 ha (in
1984). Severe wind erosion (see Section
3.2) occurred in 1974 (4 events), 1978 (1
event), 1984 (2 events) and 1991 (1
event). 

On average, the days with erosive
patterns comprise about 75% of all
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Fig. 9. Synoptic MSLP map (May 13, 1981) re-drawn from the Bodenwet-
terkarte for 07:00 h MET (Middle European Time; UTC + 0100), Berliner
Wetterkarte, Insitut für Meteorologie, Freie Universität Berlin, Berlin. The 

pattern is classified as P14

Pattern P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 N
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

P1 57 11 0 6 6 0 7 0 0 0 0 0 4 11 303
P3 0 0 71 0 0 9 3 0 0 0 0 2 2 14 58
P5 12 7 0 6 50 2 9 0 3 0 0 2 3 7 163
P7 16 1 1 2 3 2 62 0 0 0 0 0 0 14 233
P9 33 0 0 17 17 0 0 0 17 0 0 0 17 0 6
P12 0 0 10 16 6 10 0 3 0 0 0 42 10 3 31
P13 5 1 7 2 7 6 7 0 0 0 0 4 45 16 85
P14 4 0 5 4 4 5 10 0 0 0 0 3 4 62 343

Table 4. For each erosive pattern, the relative frequency distribution of pressure
patterns for the following day is shown. N is the number of observations for each 

pattern. The table refers to the erosion season
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days during erosion seasons, with a maximum of 93%
in 1985 and a minimum of 60% in 1989 (not shown).
P7, which has the largest IES, occurs on average on
14% of all days (not shown). There is no obvious rela-
tionship between the pressure pattern distribution dur-
ing the erosion seasons and the annual re-sown area in
Fig. 10. This suggests that the occurrence of erosive
pressure patterns during the erosion season is not, on
its own, a good indicator for wind erosion. Important
factors that also need to be considered are, for exam-
ple, the wind speed conditions, vegetation cover and
soil moisture.

5. DISCUSSION

The importance of different pressure patterns for
wind erosion was investigated using 2 indices (the
Index of Occurrence, IO, and the Index of Erosion

Severity, IES). These indices were based on the
occurrence of the pressure patterns during the
erosion season and the re-sown area of sugar
beets, associated with each pressure pattern.
We found that 2 particular pressure patterns
have significantly higher IES than the other
typical synoptic pressure patterns. These pat-
terns have quite different qualities with respect
to persistence, pressure distribution and wind
characteristics. 

Most moderate and severe wind erosion
events (74%), Table 3, are associated with a
pressure distribution describing an easterly flow
over Scania (pattern P7, Fig. 8a), which agrees
with previous studies of wind erosion in this
region by Jönsson (1992). The important feature
of this pattern is the advection of continental air
mass over Scania. This air mass is drier and
brings less precipitation than that of the west-
erly flow over Scania. Long spells of easterly

wind flow thus greatly enhance the risk for wind ero-
sion as they cause the surface to dry out. 

In total, 14 pressure patterns were derived for an
analysis of the large-scale spatial characteristics of sur-
face pressure in the entire study region over northern
Europe. The most important pattern, P7, is similar to
the average regional-scale pressure pattern for the
erosion days with easterly winds (Fig. 6a). The similar-
ity between these patterns shows that the synoptic cir-
culation during easterly erosion days is associated
foremost with the pressure pattern P7. The main differ-
ence between P7 and the average pattern for the east-
erly erosion days is the position of the low pressure and
the strength of the high pressure. As the pattern for P7
comprises all days classed as P7 during the study
period, it is smooth compared with the pattern of the
easterly erosion days. 

The second important pressure pattern (P9, Fig. 8b)
constitutes only 5% of the erosion days but has the
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Pattern N Wind speed Wind direction 
Average U ≥9 N NE E SE S SW W NW
(m s–1) (%) (%) (%) (%) (%) (%) (%) (%) (%)

P1 5912 5.1 11 21 8 10 3 3 4 16 32
P3 3495 5.5 16 2 3 38 26 10 8 7 3
P5 4712 5.8 19 3 2 6 7 11 23 36 10
P7 4384 5.7 17 7 10 46 10 6 6 7 6
P9 2534 7.2 34 2 0 1 0 2 11 59 23
P12 3767 5.2 13 2 1 9 13 14 20 32 6
P13 3638 4.5 8 5 4 28 16 9 10 16 8
P14 6504 4.5 7 8 5 18 8 8 10 21 18

Table 5. Wind statistics at Sturup, Scania, southern Sweden. For each erosive pattern, average wind speed, relative frequency of
wind speeds (U) ≥ 9 m s–1 and relative frequency (%) of the wind direction in 8 compass directions are shown. N is the number 

of observations in each pattern. The most frequent wind direction for each pattern is indicated in bold

Fig. 10. Annual number of erosion days and sum of re-sown
hectareage (1973–1991). Bars indicate the number of erosion days
per erosion season (left hand y-axis) and square markers show the 

re-sown hectareage (ha) (right hand y-axis, log scale)
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potential to cause wind erosion due to strong westerly
winds. This occurs despite westerly winds being asso-
ciated with frontal precipitation that greatly reduce the
risk for wind erosion. The pattern of P9 is similar to the
average pressure pattern based on the westerly ero-
sion days in Fig. 6b. This suggests that P9 is one of the
important synoptic types when wind erosion occurs in
Scania under westerly wind flow. 

In short, both patterns (P7 and P9) describe a pres-
sure gradient over Scania. In P7, the pressure gradient
is rather weak, but in combination with high persis-
tence of easterly winds (associated with dry conditions)
an environment prone to wind erosion is produced. P9,
on the other hand, is associated with a strong pressure
gradient over Scania; hence high wind speeds there.
Short-term storms are the erosive agents for P9.
Depending on the disposition of the pressure systems
in P7 and P9, the pressure gradient may be located
over northern Europe, although slightly different from
time to time. Hence, the easterly wind conditions that
are associated with wind erosion in Scania could initi-
ate erosion on soils susceptible to wind erosion in other
cultivated regions in north-western Europe. 

In this investigation we focused on major erosion
events, i.e. events that were identified using records
of sugar beet cropping in the Jordberga district. Sugar
beet is, compared with other crops, particularly vul-
nerable to wind erosion. Firstly, the preparation of the
seedbed, prior to sowing, increases the erodibility of
the soil surface. Secondly, the growth rate of sugar
beet is slow, which makes the sugar beet plant highly
vulnerable to wind erosion for several weeks (Jönsson
1992). However, although sugar beet is sensitive to
wind erosion, the records are based on re-sowing and
only reflect events when wind erosion caused suffi-
cient damage to the sugar beet crop for it to be re-
sown. Thus, the analysis may have underestimated
the total wind erosion in Jordberga as wind erosion
events that were too short, too small or affected adja-
cent fields were not shown in the Jordberga records.
For example, during May 7 and 8, 1985, extensive
wind erosion was noted in the crop records but no
damage to the sugar beets was recorded and conse-
quently the event was not recorded as an erosion
week. Thus, although the data provide a proxy for
wind erosion, they are biased to reflect crop damage
due to wind erosion on sugar beet crops, rather than
reflecting the actual frequency and the full extent of
wind erosion. Therefore, this study was concerned
with the minimum frequency and areal extent of wind
erosion in the area.

Wind erosion is a surface process that is related to
other processes than wind alone, such as soil hydro-
logical and surface bio-chemical processes (Shao
2000). Therefore, wind erosion, particularly on agri-

cultural fields, is the result of several factors such as
crop cover and the effects of agricultural practices, for
example, the use of machines during soil surface
preparation, sowing, harvesting etc., which do not
necessarily have a straightforward relationship with
climate. The complexity of wind erosion is evident
when considering model estimations of wind erosion.
An early method to estimate potential annual soil loss
from agricultural fields was the ‘wind erosion equa-
tion’ (WEQ), a function that comprises factors such as
soil erodibility, soil ridge roughness, climate, etc.
(Woodruff & Siddoway 1965). Zobeck et al. (2000)
showed how the ‘revised wind erosion equation’
(RWEQ) could be used in combination with a ‘geo-
graphic information system’ (GIS) to scale-up wind
erosion prediction from a field to a region. Models
using a process-based, or a partly process-based,
approach are the ‘Wind Erosion Prediction System’
(WEPS) (Nanney et al. 1993), the wind erosion model
by Kruse (1994) and the ‘Wind Erosion Assessment
Model’ (WEAM) (Shao et al. 1996). 

Given the complexity of wind erosion processes and
their controlling factors, it is unlikely that wind erosion
in Jordberga relates to the synoptic circulation of
northern Europe in a simple way. However, because
factors like wind speed and precipitation have strong
influences on the wind erosion process there must be a
relationship between the weather situation and wind
erosion. It is important to stress that wind provides the
only positive forcing mechanism in the wind erosion
process. Other factors, such as soil moisture, vegeta-
tion and crusting, can act against wind erosion taking
place. 

This work provides insights into how atmospheric
circulation relates to wind erosion in Scania. A future
perspective may be to use simulated MSLP from cou-
pled global climate models (CGCMs) to assess the fre-
quency of erosive pressure patterns in a climate
change scenario. There are several models available
that provide MSLP estimates. However, a recent eval-
uation of 15 different CGCMs within the coupled
model inter-comparison project (CMIP1) showed con-
siderable scatter among model results and between
simulated and observed distribution of basic climate
variables, e.g. surface air temperature, precipitation
MSLP etc. (Lambert & Boer 2001). In comparison with
temperature and precipitation, simulated MSLP is gen-
erally more robust than precipitation but less so than
temperature (Lambert & Boer 2001), also shown by
Räisänen (2000). As the CGCMs and regional meso-
scale models (models with a higher resolution that
focus on a particular region) are improved, new possi-
bilities to investigate the erosivity of future climate
may be aided by including not only improved simu-
lated MSLP data but also simulated wind data. 
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6. CONCLUSIONS

This study provides new insights into the linkage
between large-scale circulation and wind erosion on
cultivated land in Scania. There are 4 main conclusions
that come out of this study:

(1) A pressure gradient that gives easterly winds
over Scania occurs during the majority of erosion days
in Scania and is associated with 74% of the total dam-
age in the sugar beet district of Jordberga. When sur-
face pressure is low over continental Europe and high
over north-eastern Scandinavia, continental air is
advected towards Scania. Such air masses are gener-
ally drier compared with maritime air masses, which
are usually associated with frontal precipitation. Long
spells of easterly winds allow the soil surface to dry,
which makes it more susceptible to wind erosion.

(2) Other pressure patterns are also associated with
wind erosion. A high IES value is obtained for a pattern
that describes strong westerly flow over Scania. In this
case, wind erosion is initiated by strong winds created
by pronounced high pressure over the British Isles and
a trough or cyclone over the northern parts of Scandi-
navia. With respect to the total number of erosion days,
this pressure distribution is rare, being associated with
5 of the 75 wind erosion days, whilst the pressure pat-

tern associated with easterly wind is responsible for 33
erosion days. 

(3) Temporal variation of the pressure patterns and
the recorded wind erosion shows that there is no obvi-
ous relationship between the distribution of pressure
patterns during the erosion season and the re-sown
area in Jordberga. This suggests that other factors,
such as vegetation cover, precipitation and soil mois-
ture, which largely decrease the erodibility of the soil
surface, might be equally important to wind erosion in
this region as the synoptic pressure distribution.

(4) The surface air pressure levels of north-eastern
Scandinavia and south of Scania are crucial for the
relationship between large-scale circulation and wind
erosion in Scania. Equally important are the relative
positions of the high and low pressure cells since the
pressure gradient developed between the pressure
action centres drives the surface wind. 

Acknowledgements. This work is included in the EC RTD
project WEELS (Wind Erosion on European Light Soils) with
Contract No. ENV4-CT95-0129. Esben Almkvist at Göteborg
University, Sweden, is acknowledged for helpful suggestions
regarding the harmonics analysis, Adrian Chappell at Salford
University for editing the English language and Kristina
Persson at DANISCO for help with the wind erosion data for
Jordberga. 

64

Date –3 d –2 d –1 d Erosion day +1 d +2 d +3 d

19730506 13 13 6 6 5 5 12
19730511 5 12 6 5 4 5 9
19740428 2 1 7 7 7 7 7
19740429 1 7 7 7 7 7 14
19740430 7 7 7 7 7 14 14
19740501 7 7 7 7 14 14 7
19740504 7 14 14 7 7 1 14
19740505 14 14 7 7 1 14 14
19740508 7 1 14 14 14 3 3
19740513 3 3 3 3 14 14 14
19740514 3 3 3 14 14 14 14
19740526 1 1 2 9 5 5 5
19740527 1 2 9 5 5 5 13
19740529 9 5 5 5 13 13 14
19740530 5 5 5 13 13 14 12
19740601 5 13 13 14 12 5 9
19740603 13 14 12 5 9 14 6
19740604 14 12 5 9 14 6 5
19740605 12 5 9 14 6 5 5
19740606 5 9 14 6 5 5 55
19740609 6 5 5 5 5 1 1
19740612 5 5 1 1 1 1 1
19740613 5 1 1 1 1 1 14
19750521 14 4 5 5 5 1 1
19750522 4 5 5 5 1 1 7
19750523 5 5 5 1 1 7 1
19750529 1 2 1 7 7 7 7

Appendix 1. Sequence of patterns leading to and following the identified erosion days; date (YYYY-MM-DD), pattern number of
the 3 days before the erosion day (–3 to –1 d), pattern number of the erosion day, pattern number of the 3 days after the 

erosion day (+1 to +3 d)
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