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Abstract. Human activities have substantidfexts on climate system and climate change will directly irflu-
ence the global economy and society in the near future. Since change in the long-term mean climatic conditions
will have significant consequences, the most import#ligices of climate change may come from changes in

the intensity and frequency of climatic extremes. It is therefore of great interest to document and evaluate the
extremes of near-surface wind that could assist in estimating the regiteetseof climate change.

Recently a research started on specifying the possible changes of wind characteristics over Hungary. The study
is based on 33-year-long (1975-2007) wind (speed, direction, and gust) data sets of 36 Hungarian synoptic me-
teorological stations. Spatial and temporal distributions of mean and extreme wind climate characteristics were
estimated, wind extremes and trends were interpolated and mapped over the country. Finally, measured and
reanalysis (ERA-40) wind data were compared over Hungary. This might be important in order to check the
adaptability of climate simulation results in estimation of regional climate chafigete besides the direct
validitation of ERA-40 reanalysis data sets.

1 Introduction upper-air wind records spanning several decades (Tar et &.,
2001). The presented study is a segment of complex wind cl
Since environmental processes may Ifkecied by global mate research of the country, which uses statistical methodls
warming, changes of extreme climate events have been corio analyze the measured wind field of the Hungarian meteqg
sidered a key issue nowadays. Usually it is impossible torological stations.
connect directly specific weather events to global warming. Most scientists agree that special attention should be pa
Instead, global warming is expected to cause changes in thapplying ERA-40 reanalysis data sets as a reference, e.g. fj
overall distribution and intensity of extreme events, such assuch model development and validation purposes where
changes in the frequency and intensity of heavy precipitatiorwind plays an important role (Punge and Giorgetta, 2007).
and wind storms. Considering the main achievements of studies dealt wit
Hungary occupies the low elevated areas of the Carpathiaﬁtatistics of diferences between observations and hindcast
basin. The country is predominantly flat, two-thirds of the furthermore, regarding the fact that no corrections were ag
entire territory lays below 200m and approximately 2% is Plied prior to 1980 in ERA-40 data sets (Haimberger, 2005)
above 400 m. The latitudinal extension of Hungary (Fig. 1) —sPatially and temporally inhomogeneous measured win
less than three degrees {45-4835 N) — is not responsi- speed data and reanalyzed data were compared for Hungalry.
ble for significant climatological dierences between north- [N this study some preliminary results are presented demon
ern and southern regions. The country had not been the sut§irating how the comparison offtérent datasets can improve
ject of extensive wind researches in the last century. How-the reliability of detected wind variability.
ever, some studies were carried out analyzing the surface and
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Figure 2. Relative frequencies of wind speed values greater than

Figure 1. Geographical locations of meteorological stations in- 5nys at 10 m height over Hungary.

volved in the analysis.

2 Data sets 3 Analyses and results

Wind data sets of 36 Hungarian synoptic meteorological staAnalysing the second part (1997-2007) of measured wind
tions have been analyzed, which consists of hourly winddata the following preliminary conclusions can be drawn

speed, wind direction and wind gust data for the period(Bartholy et al., 2003; Radics and Bartholy, 2002, 2008):

1975-2007.

As an achievement of technical development, automated
measurement systems were installed in Hungary during the
1990s. This implies changes not only in the measuring meth-
ods and instruments, but in many cases in the location and
height of observation. Furthermore, some new stations were
installed, and as a consequence of urbanization, the closer
and farther surroundings of measuring stations have been
changed in the meantime. Due to these inhomogeneities uni-
fied analysis of the whole time series is not feasible. There-
fore, (1) only 28 stations are involved in this study (Fig. 1),
(2) Hungarian wind climate conditions are analyzed for two
different sets of the database: the first part (1975-1994) was
recorded by Fuess wind instruments; the second part (1997—
2007) was measured by automated meteorological systems.

After processing the measured wind data sets (including
digitisation of old instrumental records, quality control and
homogenisation of measured data), time series and complex
wind climate analysis were carried out.

The global multi-decadal data sets, generated by reanaly-
sis of past observations, have become a basis of many types
of atmospheric research. Reanalyses provide comprehensive —
information that can support a variety of applications. Thus,
in the second part of the study ERA-40 reanalysis data sets
from the European Centre for Medium-Range Weather Fore-

Mean wind speed is ranging between 1.47-3.&lm
over Hungary. Therefore, the country can be considered
moderately windy.

The range of annual and daily variability of wind speed
is 1-2 ms.

Duration of 1-3nss winds is the longest (1500-
3000 hyear). Annual average duration of the wind
speeds greater than 1Qgnis very low, less than
100 hyear generally.

The relative frequency of the dominant wind direction
is low. The frequencies of calm periods in some regions
are relatively high comparing that to the regional mean
values.

Mean wind speed and wind gust values show large spa-
tial differences over the country. The windiest region
is Northwestern Hungary, while the least windy is the
northeastern part of the country.

Absolute maxima values of average wind speed and
wind gust are ranging between 15-4@BmThe largest
values occurred before 2000.

casts (ECMWF) were analyzed. Average wind spaedi
components (at 10 m height) were used for the period 197
2002 with 6 h temporal resolution an@x1° spatial resolu-
tion over the Carpathian Basin.
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The spatial distribution of wind speeds greater thary$ m

sat10m height is illustrated in Fig. 2. In harmony with the

preliminary expectations, the maximum of relative frequency
values (21.6%) occurred in the centre of Transdanubia (west-
ern part of Hungary bordered by the river Danube), while the
minima (less than 4%) are found in the northeastern, south-
ern and southwestern regions of the country.
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Figure 3. Spatial distribution of linear trend fitted onfféirent percentile values (0.9 — up, 0.99 — down) calculated from three-year subse
of wind speed (left) and wind gust (right) values, 1997-2007.

Spatial and temporal distributions of extreme wind con- (1975-2002). During the period 1975-1980 ERA-40 con
ditions were estimated by calculating three-year movingsiderably underestimates the measured data, especially,
averages of diierent percentile values (median, 0.9, 0.95, cases of maxima (Radics et al., 2009). Between 1988-19¢
0.99). During the period 1975-1994 the 0.9 percentilesERA-40 underestimates measured data because of the |3
of wind speed did not change generally, except two sta-of night-time observations. Taking the whole period (19754
tions (Keszthely and Paks) with slightly decreasing tendency2002) into consideration, ERA-40 data significantly under
Concerning the 0.99 percentile, half of the stations showsestimate the maxima of measured data until 1997, and afts
negative tendency (mainly in Transdanubia), positive trendthat year the large overestimation of minima is typical. The

was found only in Zalaegerszeg. During the same time, dif-overall degree of underestimation has decreased since 1997.

ferent percentile values of wind gust decreased in the west- Concerning our further study of ERA-40, spatial distribu-
ern part of the country and were constant at the eastern retion of wind speed and wind gust extremes were analyze
gions. Increasing tendencies were found only in two stationg1997-2002) using three-year moving averages fiedint
(Szeged and Nyegyltaza). percentile values. On the left side of Fig. 4, where the spag
During the second period (1997—-2007) the median of av-tial distribution of linear trend fitted on 0.9 percentile values

erage wind speed was constant over the entire territory ofs shown, decreasing tendencies were found generally. In-

Hungary. In cases of 0.9 and 0.99 (Fig. 3, left), decreaseside the country only one grid point could be characterise

were found mainly in Transdanubia, and increases appeareldy a slightly increasing trend. On the other hand, increas

in some stations at the eastern part of the country. Investigaing tendencies appeared only in some cases on the right si

ing temporal and spatial distributions of extreme wind gustof Fig. 4 (0.99 percentile). Greater than snincrease were

values, the median was constant almost over the whole courfound only outside the Hungarian border.

try. As it is demonstrated in Fig. 3 (right), the increase of

the applied percentile value caused significant increase inthg  ~gnclusions

area and intensity of negative tendencies. In contrast, con-

stant or slightly increasing tendencies were found over therhe main goal of the presented research is to specify the vai

Great Hungarian Plain. ability of regional wind characteristics over Hungary. The
It has already accepted that expected regional climatatudy is based on 33-year-long (1975-2007) wind data se

change can influence the Hungarian wind climate, as wellof 36 Hungarian meteorological stations. Summarizing the

as the frequency of extreme events. Thus, the comparison ahain results, the following conclusions can be drawn.
different climate scenarios with statistics of present climate
parameters provides the means for estimating the potential — During the period 1975-2007firent percentile values

regional défects of climate change. Therefore, the spatially of average wind speed and wind gust were analyzed.

and temporally inhomogeneous measured wind data and the  In cases of 0.9 and 0.99 percentiles significantly de
homogeneous ERA-40 reanalysis data sets were compared creasing tendencies were found mainly in Transdanubid
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Figure 4. Spatial distribution of linear trend fitted onftéirent percentile values (0.9 — left, 0.99 — right) calculated from three-year subseries
of ERA-40 wind speed data, 1997-2002.
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— Inorder to estimate regional climate chanffeets, spa-
tially and temporally homogeneous data series of ERA-
40 seems to be an appropriate tool to substitute the mea-
sured data over Hungary.
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