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Abstract. Reanalysis near-surface wind fields from multiple reanalyses are potentially an important informa-

tion source for wind energy applications. Inter-comparing reanalyses via employing independent observations

can help to guide users to useful spatio-temporal scales. Here we compare the statistical properties of wind speeds

observed at 210 traditional meteorological stations over Germany with the reanalyses’ near-surface fields, con-

fining the analysis to the recent years (2007 to 2010). In this period, the station time series in Germany can be

expected to be mostly homogeneous. We compare with a regional reanalysis (COSMO-REA6) and two global

reanalyses, ERA-Interim and ERA-20C. We show that for the majority of the stations, the Weibull parameters

of the daily mean wind speed frequency distribution match remarkably well with the ones derived from the re-

analysis fields. High correlations (larger than 0.9) can be found between stations and reanalysis monthly mean

wind speeds all over Germany. Generally, the correlation between the higher resolved COSMO-REA6 wind

fields and station observations is highest, for both assimilated and non-assimilated (i.e., independent) observa-

tions. As expected from the lower spatial resolution and reduced amount of data assimilated into ERA-20C, the

correlation of monthly means decreases somewhat relative to the other reanalyses (in our investigated period of

2007 to 2010). Still, the inter-annual variability connected to the North Atlantic Oscillation (NAO) found in the

reanalysis surface wind anomalies is in accordance with the anomalies recorded by the stations.

We discuss some typical examples where differences are found, e.g., where the mean wind distributions differ

(probably related to either height or model topography differences) and where the correlations break down (be-

cause of unresolved local topography) which applies to a minority of stations. We also identified stations with

homogeneity problems in the reported station values, demonstrating how reanalyses can be applied to support

quality control for the observed station data.

Finally, as a demonstration of concept, we discuss how comparing feedback files of the different reanalyses

can guide users to useful scales of variability.

Published by Copernicus Publications.
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1 Introduction

Atmospheric reanalysis is “a consistent reprocessing of

archived weather observations using a modern forecasting

system” (Dee et al., 2014). The past two decades have

brought forth remarkable advances in the quality and quan-

tity of the resulting reanalysis datasets (Dee et al., 2014;

Bosilovich et al., 2013; Hartmann et al., 2013). These ad-

vances have been accompanied (and in many respects catal-

ysed) by rapid growth in uptake of reanalysis datasets

for a diverse and growing range of applications. But it

remains challenging for individual users to know which

(if any) of the available datasets (whether from reanaly-

sis or other procedures) are appropriate for their applica-

tions (see, e.g., Gregow et al., 2015). Assessing “fitness-for-

purpose” requires synthesising knowledge about (a) the rel-

ative strengths/limitations of the available datasets, (b) the

extent to which such characteristics affect the fidelity of

derived results, and (c) the user’s own application-specific

tolerance of uncertainty; it is important to note that fitness

for one purpose does not guarantee fitness for all purposes.

Here, we describe the inter-comparisons that were under-

taken to elucidate the relative properties of the near-surface

winds over Germany in two global and one regional reanaly-

sis datasets on the time scale of days to several years. The

inter-comparisons employ independent wind observations

from German weather stations and also illustrate how re-

analyses can support quality control of the observations. The

COSMO-REA6 regional reanalysis is driven by the global

ERA-Interim reanalysis, and covers Europe with increased

spatial and temporal resolution. We demonstrate that inter-

comparison of reanalyses can help to guide users to useful

scales of variability.

For the purpose of wind energy production, for example,

there are dedicated wind mast measurements, which mea-

sure at a certain point over a short period of time and at

heights typical for wind energy production. This is highly

valuable for wind energy applications, but it remains de-

sirable to add to this short-term information an estimate of

the inter-annual temporal variability, as is typically avail-

able in the time series of station measurements made for

traditional weather/climate applications (approximately 10 m

above ground). In Germany, these are relatively abundant

and evenly distributed and cover many decades. On the other

hand, observation practices, instruments, and the height of

the sensor above ground might have changed over time. This

information should ideally be found in the metadata accom-

panying the historical station records. It is also valuable to

track changes in the surroundings (like growing trees or

changes in land cover) and measurement or processing er-

rors, but this is not uniformly available worldwide given his-

torical variations in the rigour of observing practice around

the globe.

Reanalyses also provide wind information, here derived

from a physically consistent state of the atmosphere using

a state-of-the-art NWP model, constrained by the whole ob-

serving system. While larger wind energy companies might

be able to build their own wind measurement masts and de-

velop sophisticated analyses, other users like smaller enter-

prises, district managers, government agencies, or interested

individual citizens rely on products based on station mea-

surements at 10 m above ground, and statistical models build

upon those, like e.g., wind climatologies at levels of interest

for wind energy production (Gerth and Christoffer, 1994).

All these users might draw benefit from our study.

Reanalysis wind fields have been found to differ from sta-

tion records on the multi-decadal scale. The so-called “still-

ing effect”, i.e., a decrease of wind speeds deduced from sta-

tion measurements since the 1970s, is reported in many pa-

pers on mid-latitude wind observations (see McVicar et al.,

2012, for a comprehensive review). This is in general con-

trast to various reanalyses, which do not show a stilling ef-

fect (Smits et al., 2005; McVicar et al., 2008, 2012, and ref-

erences therein). Several reasons have been suggested. Long-

term changes in surface roughness could explain, at least

partly, the difference (Vautard et al., 2010; Wever, 2012).

Changes in aerosols, sea surface temperature and greenhouse

gas concentrations were found to be unlikely causes (Bichet

et al., 2012). There still remain the possibilities that measure-

ment artefacts, or processes not modelled in the reanalysis,

may contribute to the discrepancies.

In this work we do not investigate the multi-decadal still-

ing effect directly, but report on a preparatory multi-annual

study. We focus on the area of Germany and the period 2007

to 2010. Although the dataset is short, it is best fitted for the

inter-comparison since all stations are known to operate au-

tomatically, instrumental problems are unlikely, and changes

in surface roughness are negligible. This allows us to char-

acterize the recent variability captured in regional and global

reanalysis near surface wind fields, and to compare their sta-

tistical characteristics with the traditional station measure-

ments. Several approaches have been identified as useful

for reanalysis comparisons (see Fig. 1) and applied below

for the near-surface wind fields, namely direct comparisons

(Sect. 3.1 and 3.2), thematic comparisons (Sect. 3.3) and in-

ternal metrics comparisons (Sect. 3.4).

2 Data

We used the 10 m wind fields and feedback files containing

the radiosonde data from the global reanalysis ERA-Interim

(Dee et al., 2011). The data of this reanalysis are available

from the ECMWF website http://apps.ecmwf.int/datasets/.

ERA-Interim is based on the ECMWF Integrated Forecast

System, IFS (Cy31r2), 4-dimensional variational analysis

(4D-Var) with a 12-h analysis window, and assimilation of a

wide range of surface and upper-air observational data from

both in-situ and satellite instruments. The spatial resolution

of the data set is approximately 80 km (T255 spectral) on 60
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Figure 1. Useful approaches for intercomparing reanalyses include:

(1) descriptive, e.g., a comparison table of characteristics, (2) direct

comparisons with in-situ, ground-based remote sensing or satel-

lite observations, (3) thematic comparison, and (4) internal metrics

comparison.

vertical levels from the surface up to 0.1 hPa. For compari-

son with station data, the interpolated fields (interpolated to

0.125◦) as obtained from the ECMWF website are taken.

We also used the ERA-20C reanalysis (Poli et al., 2013;

Dee et al., 2014), also accessed through http://apps.ecmwf.

int/datasets/. This reanalysis provides a global realization at

spectral resolution T159 which corresponds to the horizontal

resolution of the reduced Gaussian grid of ∼ 125 km. The

data assimilation method applied is an updated version of

the 4D-Var scheme (IFS Cy38r1) and used a 24-h assimila-

tion window but it assimilated observations of surface pres-

sure and surface marine winds only. From ERA-20C, the

10 m winds as pre-processed by ECMWF and interpolated to

0.125◦ horizontal resolution were taken for this comparison

study.

The third reanalysis product used is the COSMO-based re-

gional reanalysis of DWD’s Hans-Ertel Centre for Weather

Research (HErZ), University of Bonn (Bollmeyer et al.,

2014, http://www.herz-tb4.uni-bonn.de/) called COSMO-

REA6. The regional reanalysis COSMO-REA6 is driven via

the global reanalysis boundary conditions (ERA-Interim) ev-

ery 3 h. It is based on the COSMO-model and applies nudg-

ing as the data assimilation technique. Here we use data from

a configuration that was run for the European CORDEX

domain at a nominal resolution of 0.055◦. From COSMO-

REA6, the wind speed at the ground layer (10 m) as well as

feedback files containing radiosonde data were used in the

work below.

The station data and associated metadata were taken from

the freely accessible climate data archive of Deutscher Wet-

terdienst (DWD) which is available through ftp://ftp-cdc.

dwd.de/pub/CDC/observations_germany/climate/ (Kaspar et

al., 2013). Available are the station data and associated meta-

data describing the particularities of the station instrumen-

tation and measurement time series. From this archive (Au-

gust 2014, version v002), the example station observations

below were chosen. The station observations of wind speeds

are not assimilated within ERA-Interim and ERA-20C, i.e.,

are independent measurements. For COSMO-REA6, station

data below 100 m are assimilated, above 100 m they are not,

i.e., the former may be dependent, the latter are independent

measurements.

The North Atlantic Oscillation (NAO) index was

taken from http://www.cru.uea.ac.uk/~timo/datapages/naoi.

htm which is an extension of Jones et al. (1997).

For our comparison, we took the grid cells matching the

location of the station from the regional reanalysis, and from

the global reanalyses interpolated by 0.125◦ (provided by

ECMWF). Because it cannot be expected that processes on

the sub-daily scale can be resolved in the archived global

reanalysis datasets, we compare frequency distributions of

daily means. The correlation coefficients were calculated

with monthly means, which were calculated from daily

means, to avoid the issue of calculating correlations with in-

complete time series. Here we restrict ourselves to the time

period 2007 to 2010, which is the overlap period of COSMO-

REA6 at our disposal. In this time span, we are relatively

confident no large changes in surroundings of the stations

occurred, the method of measurements remained constant,

and no gross errors are expected. As users would especially

be interested in information about the past spanning many

decades, we include ERA-20C into our preparatory compar-

isons because of its length. ERA-Interim is used as a bench-

mark. Based on the comparison, we discuss the potential of

reanalyses to enhance the traditional approaches for assess-

ing wind variability based on the 10 m station winds.

3 Results

For an illustration of spatial variability, the 10 m surface

winds from the regional reanalysis COSMO-REA6 and the

interpolated global reanalysis ERA-20C for February 2007

are shown in Fig. 2. The higher wind speeds over the North

and Baltic Seas are prominent in both reanalyses as well as

the sharp decline at the coast line. As expected, due to the

much finer horizontal resolution of the COSMO-REA6 re-

gional reanalysis, higher spatial variability is present here.

Note the coincidences of wind features with topographical

features, e.g., mountain ridges in the South of East Germany

(compare to Fig. 3). The features related to topography are

more pronounced in the regional reanalysis, e.g., the land-

sea transition and the wind speed variability over the hetero-

geneous low mountain ranges in Mid-Germany. Note, how-

ever, the close match of the average absolute values of both

reanalysis datasets.
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Figure 2. 10 m surface winds from the COSMO-REA6 regional reanalysis (left) and the ERA-20C interpolated wind fields (right) illustrate

the different spatial resolution for the month of February 2007.

Figure 3. Topography of Germany with colour-coded height above

sea level, and location of selected stations.

3.1 Frequency distributions

We compare the frequency distributions of daily-mean wind

speed from the reanalyses with the distribution from the sta-

tion observations, using the respective interpolated reanalysis

grid cells containing the geographical location of the station.

Daily-mean diagnostics were chosen to accommodate differ-

ences in temporal sampling of the reanalyses (3 vs. 6 h for

ERA-20C and ERA-Interim respectively).

For most station locations, the frequency distributions de-

rived from the reanalyses match well with the one from the

observations (e.g., Nuremberg, see Fig. 4). This might come

as a surprise, given the rather coarse grid resolutions, and

that the 10 m winds are expected to be strongly influenced by

the local scale topography. Some stations show an offset in

wind speed, due to the model height differing from the real

topographic height, e.g., mountain stations like Feldberg-

Schwarzwald (Fig. 5). For some applications, fitness-for-

purpose would therefore be improved by determining a more

representative model height in cases of complex topography.

Local influences of topography can result in pronounced dif-

ferences in the frequency distributions. As an extreme ex-

ample, the station Garmisch-Partenkirchen (Fig. 6) is shown,

which is located in a valley for which the restricted repre-

sentativity of the station cannot match the scales resolved

in the reanalyses. Generally, only few histogram mismatches

are found (and less for the higher resolved COSMO-REA6

reanalysis). An unexpected outcome was that some dubious

station data could be identified: Fig. 7 shows an unusually

large proportion of zero wind-speed values; it seems that

these were in fact reported on occasions where no observa-

tions were performed. This illustrates the use of reanalysis

data to support quality control for observed wind data.

Wind energy applications often require Weibull parame-

ters, thus Weibull distributions with two parameters had been

fitted to the frequency distributions:

P (ν)=
k

c

(ν
c

)k−1

e−( νc )k, (1)

where v is the wind speed (ν ≥ 0), k is the shape parame-

ter (k > 0), and c is the scale parameter of the distribution

(c > 0). The Weibull parameters and error estimates are cal-

culated with the maximum likelihood method implemented

in the Cran R-project package fitdistrplus (Venables and Rip-
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Figure 4. Frequency distribution of daily mean wind speeds in the period 2007 to 2010 for the station Nuremberg (top left) and matching

grid cells of ERA-20C (top right), COSMO-REA6 (bottom left), and ERA-Interim wind fields (bottom right).

Figure 5. Frequency distribution of daily mean wind speeds in the period 2007 to 2010 for the station Feldberg-Schwarzwald (top left) and

matching grid cells of ERA-20C (top right), COSMO-REA6 (bottom left), and ERA-Interim wind fields (bottom right).

www.adv-sci-res.net/12/187/2015/ Adv. Sci. Res., 12, 187–198, 2015
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Figure 6. Frequency distribution of daily mean wind speeds in the period 2007 to 2010 for the example station Garmisch-Partenkirchen (top

left) and matching grid cells of ERA-20C (top right), COSMO-REA6 (bottom left), and ERA-Interim wind fields (bottom right).

Figure 7. Frequency distribution of daily mean wind speeds in the period 2007 to 2010 for the station Selb-Oberfranken (top left) and

matching grid cells of ERA-20C (top right), COSMO-REA6 (bottom left), and ERA-Interim wind fields (bottom right).

Adv. Sci. Res., 12, 187–198, 2015 www.adv-sci-res.net/12/187/2015/
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Figure 8. Pearson correlation coefficient of monthly mean wind speeds (calculated from daily wind speeds) between station observations and

reanalyses: ERA-20C (left), ERA-Interim (middle), and COSMO-REA6 (right). Stations not assimilated in COSMO-REA6 are highlighted

with grey circles.

Figure 9. Scatterplots of Pearson correlation coefficients for stations that are not assimilated in COSMO-REA6 (left) and stations that are

assimilated (right). Correlations are calculated between monthly mean wind speeds of station observations and COSMO-REA6 (y axis) and

compared to correlations between station observations and ERA-Interim (x axis), respectively. Three of the total 210 stations are outliers

(correlation below 0.5) and are not shown.

ley, 2010; Delignette-Muller et al., 2014). The Weibull pa-

rameters for selected stations are compared in Tables 1 and

2, with the dependence on station altitude (listed in Table 3)

clearly prominent. For Hamburg-Fuhlsbüttel, the Weibull pa-

rameters ks (shape) and cs (scale) of the station observa-

tions match well with the ones from reanalyses, also for

Potsdam and Nuremberg. Mountain stations like Feldberg-

Schwarzwald have significantly different c (scale) parame-

ters. Here a more representative height would be needed to be

determined for each reanalysis. The situations in Garmisch-

Partenkirchen and Selb-Oberfranken are different: The sus-

pect histogram of the station data from Selb-Oberfranken

(Fig. 7) causes a deviation of ks (shape) and cs (scale) due to

issues with the missing values of the station recordings. For

stations in complex topography, we expect significant dif-

ferences in Weibull parameters due to the difference of real

topography and model topography and the coarse reanaly-

sis resolution. A close match of Weibull parameters (derived

from stations and from reanalyses) could still be due to a

favourable match of height above ground and above model

ground. Thus we need to examine the correlation coefficients

to judge whether reanalysis winds and station observations

are in accordance. For instance, the Weibull parameters of

the station Garmisch-Partenkirchen are not close, but still

comparable to the ones from reanalysis (see Tables 1 and 2),

but there is no correlation found between the time series of

monthly means (see Table 3) which can be explained by its

location in a valley.

3.2 Correlation of reanalysis data with monthly station

data

The correlation of monthly wind speed from the ERA-20C,

ERA-Interim, and COSMO-REA6 reanalyses with the 210

stations over Germany were calculated with the Pearson cor-

relation for the period 2007 to 2010. In case of ERA-20C,

www.adv-sci-res.net/12/187/2015/ Adv. Sci. Res., 12, 187–198, 2015
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Table 1. Weibull parameters k (shape) derived from selected station daily mean wind observations (ks), and from ERA-20C, ERA-Interim,

and COSMO-REA6 interpolated grid cells matching the station locations, together with their 1 σ standard deviations (SD).

ks k_ERA-20C k_ERA-Interim k_COSMO-REA6

(SD) (SD) (SD) (SD)

Hamburg-Fuhlsbüttel 2.65 (0.05) 2.61 (0.05) 2.56 (0.05) 2.62 (0.05)

Potsdam 2.89 (0.05) 2.56 (0.05) 2.48 (0.05) 2.73 (0.05)

Nuremberg 2.43 (0.04) 2.32 (0.04) 2.25 (0.04) 2.35 (0.04)

Selb-Oberfranken 1.68 (0.03) 2.36 (0.04) 2.26 (0.04) 2.56 (0.05)

Garmisch-Partenkirchen 3.40 (0.06) 3.26 (0.06) 2.94 (0.05) 2.17 (0.04)

Feldberg-Schwarzwald 2.26 (0.05) 2.55 (0.05) 2.07 (0.04) 2.07 (0.04)

Table 2. Weibull parameters c (scale) derived from selected station daily mean wind observations (cs), and from ERA-20C, ERA-Interim,

and COSMO-REA6 interpolated grid cells matching the station locations, together with their 1 σ standard deviations (SD).

cs c_ERA-20C c_ERA-Interim c_COSMO-REA6

(SD) (SD) (SD) (SD)

Hamburg-Fuhlsbüttel 4.46 (0.05) 4.49 (0.05) 4.77 (0.05) 3.83 (0.04)

Potsdam 4.78 (0.05) 3.90 (0.04) 4.44 (0.05) 3.40 (0.03)

Nuremberg 3.39 (0.04) 3.50 (0.04) 3.99 (0.05) 2.79 (0.03)

Selb-Oberfranken 1.72 (0.03) 3.66 (0.04) 4.17 (0.05) 3.73 (0.04)

Garmisch-Partenkirchen 1.73 (0.01) 2.03 (0.02) 2.49 (0.02) 1.92 (0.02)

Feldberg-Schwarzwald 9.50 (0.12) 2.80 (0.03) 3.40 (0.05) 3.69 (0.05)

82 % of stations show a correlation coefficient greater than or

equal to 0.8 and 47 % greater than or equal to 0.9. For ERA-

Interim, these correlations are achieved at more stations (89

and 66 %, respectively), and yet more in COSMO-REA6 (96

and 80 %, respectively). The COSMO-REA6 reanalysis as-

similates station observations below 100 m height; whether

locations contribute assimilated observations or not can be

distinguished in Figs. 8 and 9. In our case, 130 stations are

not assimilated, i.e., are independent from COSMO-REA6.

These independent stations show generally an improvement

of correlation with COSMO-REA6 (Fig. 9). In Fig. 8 it can

be seen that the regional reanalysis improves monthly cor-

relations where it can be expected, namely in the areas with

more complex topography (South of Germany, towards the

Alps and Bayrischer Wald in the South-West). Three sta-

tions in complex terrain (Garmisch-Partenkirchen is one of

them) have no correlation with the reanalyses and remain

outside the scales of Fig. 9. Still, the correlations over time

do hold (see Table 3) for several exposed mountain stations,

like Feldberg-Schwarzwald.

Single stations only sometimes show statistically signif-

icant differences between the correlations with the three re-

analyses, but the combined effect of the 210 stations becomes

clear in Fig. 8, and especially in Fig. 9.

3.3 Interannual variability related to NAO

For many users, notably renewable energy users, the spatial

characteristics and inter-annual variability of weather and cli-

mate and its spatial extent are of special interest. The North

Atlantic Oscillation (NAO) (Walker and Bliss, 1932; Hurell,

1995), is the main synoptic mode of atmospheric circulation

and climate variability for Germany. Thus it is of interest,

what the magnitude of the NAO-related effect is for the sta-

tion data and to what extend the NAO-related effect is cap-

tured in the surface fields of the reanalysis over Germany.

For the recent years, the correlations of the stations and

reanalysis fields are high. The question is, whether the corre-

lation caused by NAO-related effects holds also for the past,

keeping in mind the reanalysis systems might have long-

term variability connected to changes of the observing sys-

tem (Dee, 2005; Dee and Uppala, 2009). To describe the

magnitude of the effect, we select seasonal averages for se-

lected seasons corresponding to high, neutral, and low values

of NAO index, and calculate the anomalies relative to the av-

erage of the period 2007 to 2010. This is done with the inter-

polated ERA-20C near-surface fields. The station anomalies

are calculated analogously, i.e., their reference is also derived

from the station averages. In Fig. 10, we show examples for

seasons from 2000 and 2002. The NAO-related anomalies

show a west-east gradient (left), or a north-south gradient

(middle and right) over Germany. The first panel (left) corre-

sponds to a neutral NAO index autumn with higher than usual

wind speeds over the western part and lower wind speeds in

the East. With a negative NAO index, the average wind pat-

tern is shifted southwards, leaving the North Sea area with

lower wind speeds on average (middle panel). For the case

of a positive NAO index, the wind pattern is shifted towards

Adv. Sci. Res., 12, 187–198, 2015 www.adv-sci-res.net/12/187/2015/



A. K. Kaiser-Weiss et al.: Comparison of reanalysis near-surface winds with station observations 195

Table 3. Pearson correlation coefficient together with its 1 σ -confidence interval, between mean monthly wind speeds from selected station

observations and matching grid cells from interpolated ERA-20C, interpolated ERA-Interim, and COSMO-REA6. Note that for ERA-20C

and ERA-Interim, all station observations are independent. For COSMO-REA6, station observations are assimilated (nudged) as indicated

in the last column.

Station Altitude r_ERA-20C r_ERA-Interim r_COSMO-REA6 nudged

(conf. int.) (conf. int.) (conf. int.)

Hamburg-Fuhlsbüttel 11 0.93 0.96 0.98 yes

(0.90, 0.94) (0.95, 0.97) (0.97, 0.98)

Potsdam 81 0.94 0.96 0.98 yes

(0.92, 0.96) (0.95, 0.97) (0.98, 0.99)

Nuremberg 314 0.93 0.92 0.97 no

(0.90, 0.94) (0.89, 0.94) (0.96, 0.98)

Selb-Oberfranken 535 0.86 0.89 0.89 no

(0.82, 0.90) (0.86, 0.92) (0.85, 0.91)

Garmisch-Partenkirchen 719 −0.23 −0.11 −0.04 no

(−0.36, −0.09) (−0.38, 0.18) (−0.18, 0.12)

Feldberg-Schwarzwald 1490 0.90 0.89 0.93 no

(0.87, 0.92) (0.85, 0.91) (0.91, 0.95)

Figure 10. Seasonal anomalies of the ERA-20C 10 m wind speeds compared to the reference period 2007 to 2010 for September, October,

November (SON) of 2000 at neutral NAO-index (left panel), SON2002 at negative NAO-index (middle), and December, January, February

(DJF) 1999/2000 at positive NAO-index (right).

the North (left panel). Note that, allowing for some scat-

ter among the stations, they generally match the spatial ex-

tent and the magnitude of the anomaly present in the ERA-

20C fields. The examples picked here have months with a

similar NAO-index, and a rather pronounced NAO anomaly.

Of course, the inter-annual wind variability is dependent not

only on the NAO strength, but also on details of the jet stream

position, and the individual storm tracks, when moving to

shorter time scales and selected station positions. Our con-

clusion here is that the inter-annual variability in the near sur-

face winds captured in the reanalyses is consistent with the

station time series, considering a time scale of several years.

We can detect this common NAO-pattern (in both reanaly-

sis and station data) in recent years. To extend our studies

to longer time scales, we would have to separate the effect

of instrumental changes at the stations from possible effects

of NAO-related variability. For instance, Welker and Martius

(2015) found a positive correlation between the NAO-index

and occurrence of high wind speeds over Switzerland, de-

duced from the global 20CR reanalysis (Compo et al., 2011)

on the inter-annual time scale. Welker and Martius (2015)

found an increase of the correlation at the decadal time scale;

and point to a change of strength of this correlation over time

due to an eastward shift of the NAO pattern.

3.4 Comparing feedback statistics

The opportunities to compare reanalyses against stable time

series of fully-independent observations covering a long

time-period are limited. Fortunately, the reanalysis process
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Figure 11. Root mean square errors of analysis departures (o-a,

solid line) and background departures (o-b, dashed line) for Lin-

denberg radiosonde observations of wind speed at standard pres-

sure levels, in January 2011: feedback statistics for the ERA-Interim

(black) and COSMO-REA6 (red).

provides opportunities to use the assimilated observations in

a quasi-independent manner, by comparing these observa-

tions against the free forecasts (or background fields) which

are started from the preceding (re-)analysis window. These

so-called feedback statistics are in fact routinely produced by

the data assimilation system, and relate assimilated observa-

tions, free forecasts (i.e., background fields), analysis incre-

ments, and analysis fields to each other. They yield valuable

additional information, e.g., estimates of the analysis error

or diagnostics on systematic changes in increments which, if

traced to biases in observations or model (or both), indicate

deficiencies in the system. Favourable statistics may show

that the frequency distribution and time series of observed

and reanalysed parameters are matching. Thus, it is poten-

tially of high practical value for the user to take into account

the results of feedback statistics.

As a demonstration of concept, here we analyse the

differences between observations (o), background (b), and

(re-)analysis (a) of wind speed for a global (ERA-Interim)

and the COSMO-REA6 regional reanalysis, for the Linden-

berg radiosondes launched at 06Z (see Fig. 11). Care must

be taken to make the differences arising from different re-

analysis systems as comparable as possible. In particular,

the uncertainties of the background fields from the reanal-

ysis systems should be made as similar as possible. These

uncertainties depend on the initial condition uncertainty and

the growth of this uncertainty with forecast lead time. The

forecast lead times of both systems should be comparable.

In our example, COSMO background fields valid at 06Z are

taken from forecasts initialized at 0Z and propagated for a

lead time of 6 h. The most comparable ERA-Interim back-

ground fields are from forecasts initialized at 3Z and prop-

agated for a lead time of 3 h. In addition, the sounding data

that have influenced the initial conditions for the background

forecasts in both systems are comparable. At leading order,

the regional and global reanalyses both match the sound-

ing observations to the same extent, for the statistical sam-

ple investigated here. The match is not uniform, for example

ERA-Interim o-b exhibits large values around 400 hPa while

COSMO o-b exceeds ERA-Interim o-b between 1000 and

700 hPa. While the limited sample shown here does not per-

mit such discrepancies to be definitively traced to specific

system deficiencies, this example highlights a more general

issue: namely, that relatively few users have the tools and

skills to identify such discrepancies, or to make informed as-

sessments of any consequent impacts in their particular ap-

plication, and hence lack clarity on whether a dataset is fit for

their specific purpose. We believe that these are important is-

sues that warrant attention in the context of current efforts to

develop climate services.

To draw conclusion on the performance of the different

systems, a comparison of observations to background (o-b)

is easier to interpret than observations to analysis (o-a), be-

cause the background can be regarded, in first approximation

(in the absence of time-correlated errors), as rather indepen-

dent from the observations. From Fig. 11 we can see that the

background of ERA-Interim and COSMO-REA6 are similar,

but differ to up to 25 %. Both analyses are drawn closer to the

observations, which shows the effect of the data assimilation

for this example. Comparing the resulting analyses with each

other is harder, because the analysis depends on the observa-

tions to a degree that varies between the different assimila-

tion systems. For more conclusions, longer periods of feed-

back statistics with comparable forecast lead times should be

analysed, which were not available at the time of writing.

4 Summary and conclusions

Here we inter-compared the frequency distributions, Weibull

parameters and monthly to inter-annual variability of re-

gional and global reanalysis near surface wind fields of the

recent years (2007–2010). We illustrated three approaches,

namely direct comparison (with independent station mea-

surements), thematic comparison (the magnitude and spatial

extend of NAO-related mean wind speed anomalies) and in-

ternal metrics (feedback statistics).

The 2 σ confidence intervals of the Weibull parameters de-

rived from the reanalysis wind fields overlap the ones de-

rived from the stations in most cases for the Weibull shape

parameter (k), whereas the Weibull scale parameters (c) dif-

fer more. With respect to correlations, generally the ERA-

20C fits the station data well, ERA-Interim fits better, and

the regional COSMO-REA6 reanalysis is closest to the sta-

tion data. This is valid for the daily, monthly, and seasonal

scale, for the period investigated here (2007 to 2010). It has

to be kept in mind that the station observations situated be-
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low 100 m a.s.l. are assimilated within COSMO-REA6. The

increased correlation with COSMO-REA6 holds true regard-

less whether or not a station contributes observations that are

assimilated in COSMO-REA6. Noticeable improvement for

COSMO-REA6 correlations are found across Germany, for

instance at stations in Southern Germany, closer to the Alps

(not assimilated in COSMO-REA6), and at the coastline (as-

similated in COSMO-REA6).

As expected from the fact that the regional COSMO-

REA6 reanalysis is driven by the global ERA-Interim reanal-

ysis via boundary condition, the feedback statistics exhibit a

similar fit to the Lindenberg radio soundings for both reanal-

ysis systems for our example month of January 2011.

We demonstrated that although local and regional effects

can be expected to determine the variability in wind fields

measured at the stations (10 m over ground), the frequency

distributions of mean wind speeds match quite well with the

ones of the reanalysis fields for which such effects are at the

sub-grid scale. The correlation of ERA-20C, ERA-Interim

and COSMO-REA6 monthly means with station observa-

tions is high (> 0.8) for the majority of the German stations.

Thus we conclude that the monthly and seasonal anomalies

recorded at these stations can be understood as representa-

tive for a wider spatial area, comparable to the resolution of

the reanalyses, at least for the recent years. Due to the short-

ness of period, we cannot make such a statement concerning

inter-annual variability, though the NAO-related anomalies

indicate there is also coherence at the inter-annual scale.

The correlation holds for ERA-20C, even though fewer

observations are assimilated than in ERA-Interim and the

spatial resolution is significantly reduced. The correlation

with COSMO-REA6 reanalysis is highest, because of sev-

eral, and possibly combined, reasons: the higher resolution

of the model, the regional data assimilation (nudging), and

possibly also the higher temporal resolution of the output.

It should be kept in mind that COSMO-REA6 is forced ev-

ery 3 h by ERA-Interim, and we compare aggregated daily

means from hourly COSMO-REA6 output with daily means

from 6-hourly ERA-Interim output. While skill is inherited

from ERA-Interim via boundary conditions, we get the addi-

tional benefit from COSMO-REA6, possibly also from the

temporal resolution. Particular the stations with low cor-

relations show a strong improvement, pointing to the ex-

pected difference in the reanalysis performance, namely that

the smaller scales which are resolved with COSMO-REA6

are of importance for the monthly mean near surface wind

speeds, i.e., hinting to that a simple scaling of global reanal-

ysis would not give the same information (on the daily to

monthly time scale).

Further analysis would be needed to identify under which

circumstances the differences are most pronounced, and to

what extent the low-frequency information from global re-

analyses is represented or improved with regional reanalyses

for regional-scale parameters.
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