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Abstract. Radar wind observations at frequencies betweemity for the investigation of winds at tropospheric and meso-
1.98 and 53.5 MHz obtained at polar latitudes were comparedpheric altitudes.

to in-situ wind measurements by radiosondes at tropospheric The determination of horizontal winds by means of at-
altitudes and to winds from falling spheres at mesospherianospheric radar techniques is based on the motion of scat-
altitudes. Comparisons are shown for several campaigns ofering atmospheric structures through the radar beam. Us-
radiosonde and falling sphere observations. The radar winghg the Doppler beam swinging method (DBS) the three-
directions agree well to the radiosonde and falling sphere obdimensional wind field can be estimated from the Doppler
servations and are highly correlated. The winds estimatedhift of the backscattered radio waves evaluating vertical and
from radar measurements are less than the radiosonde dag#-zenith beam pointing directions. Another approach re-
by about 15% for spaced antenna observations and by aboutes the horizontal drift of the diffraction pattern of illumi-
10% for the Doppler beam swinging experiment. At meso-nated refractive index variations on the ground to the hori-
spheric altitudes the spaced antenna winds obtained from thgontal winds by cross-correlating the backscattered signals
wide-beam Andenes MF radar are underestimated in the oref at least 3 spatially separated receivers. A detailed de-
der of 35% and winds from the narrow-beam Saura MF radasscription of this spaced antenna technique (SA) was given
are underestimated by about 20% compared to falling sphergy Briggs (1984 and is widely used in current radar instal-
winds at altitudes between 70 and 80 km. Furthermore, theations (e.g.Singer et al. 1997 Latteck et al. 1999 Singer
relation between wind measurements using narrow-beam angt al, 2003h. Since there are some differences in the de-
wide-beam antenna arrangements for the MF radars is dissign of the experiments Sea.introduces the instruments
cussed and VHF radar observations are compared to thand methods in more detail.

wide-beam MF radar. Tropospheric winds were observed in the past by sev-

Keywords. Meteorology and atmospheric dynamics (Mid- €ral groups and compared to radiosonde wind measurements

dle atmosphere dynamics; Instruments and techniques)  (€.9. Rottger et al. 1981, Kato et al, 1986 Vincent et al,
1987 Hocking 1997 Luce et al, 200]). Statistical compar-

isons of several radiosonde observations to UHF wind pro-

filer were performed byVeber and Wuert£1990 as well

as to VHF radar measurements Byomas et al(1997) tak-

Radar sounding observations of the lower and middle at_ing into account the influence of aspect sensitive backscatter
in the analysis. Wind observations at mesospheric altitudes

mosphere have been conducted continuously at Andene%], b dqf | . bet d t
Northern Norway (69N, 16° E), since 1998. Four radars ave been used for several comparisons between radars a
different frequencies and meteorological rockets (¥ig-

have been installed near the Arctic Lidar Observatory for .

Middle Atmosphere Research (ALOMAR) and the Andgya cgp”t etal, 1972 tggternﬁgtoal' %39% M(jln;ond?t a|-1d9_f5;2

Rocket Range operating at frequencies between 1.98 MH uflemann and LUDKS 9 Winds derive rom ditter=
ent radar methods were compared to each other in the liter-

and 53.5MHz. The combination of ground-based, balloon, .
: : ature (e.gReid 1988 Manson et a.1992 Venkat Ratnam
d ket-b t t bl tu- :
and rockethorne Instruments enables an unique oppor uet al, 2001, Thayaparan and Hocking002 Holdsworth and
Correspondence ta\. Engler Reid 2004gb; Hall et al, 2005. Furthermore, radar wind

(engler@iap-kborn.de) measurements were compared to optical methodsNegk

1 Introduction

Published by Copernicus Publications on behalf of the European Geosciences Union.



https://core.ac.uk/display/193584938?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

3694 N. Engler et al.: Wind comparison

Table 1. Experimental parameters of the radars located at Anden@(6%5° E).

Parameter Andenes MF radar Saura MF radar SKiYMET radar ALWIN MST radar

(AMF) (SMF) (Met) (VHF)
Frequency 1.98 MHz 3.17 MHz 32.55MHz 53.5 MHz
Peak power 40 kW 116 kw 12 kw 36 kW
Pulse repetition (day/night) 80/40 Hz 80/80 Hz 2144 Hz 5000 Hz/1250 Hz (Tropo/Meso)
Altitude range 50-100 km 50-100 km 82-110km 1-18 km/50-114 km (Tropo/Meso)
Pulse width 4km 1km 2km 600 m/300 m (Tropo/Meso)
Sampling resolution 2km 1km 2km 300m
Experiment SA SA, DBS Meteor SA, DBS
2-way 1/e half-beamwidth (SA/DBS) 294 4.8/2.6° N/A 4.4°12.6°

et al, 1997 Franke et al.2001, Salah et aJ. 1999 Clark this comparison. Using the SA method the returned signals
etal, 1999 Liu et al, 2002 or to satellite wind estimates on were analyzed using the full-correlation analysis (FCA) after
UARS (e.g.Burrage et al.1996 Meek et al, 1997). Briggs(1984. The DBS analysis removes spectral contam-
The current study concentrates on the evaluation of the obinants and considers finite beamwidth, finite pulse length as
served wind parameters by radars with in-situ techniques. Atwvell as the beam and shear broadening of the spectrum, as
tropospheric altitudes the launch of radiosondes is an approdiscussed byiocking (1983ab).
priate tool for the observation of winds, temperature, and |n order to select undisturbed radar echoes several crite-
pressure. Therefore, at all 110 simultaneous wind profilesija were chosen for the evaluation of the data. Therefore,
were selected for the Comparison with the SA observationsomy prof”es which were not infected by external interfer-
and 186 simultaneous profiles with DBS measurements foences were selected and where the horizontal and the vertical
the period between 2004 and 2007. The results and StatiStiC@I]ind speeds do not exceed certain thresholds (]_Zﬂlralgd
analyses are presented in S&fL The wind field at meso- g m s, respectively). Furthermore, the signal-to-noise ratio
spheric altitudes was investigated by falling spheres whichhas to exceed a threshold of 3dB so that only reliable data
were launched from the co-located Andgya Rocket Rang&yere considered.
(Mallemann and Lubken2009. At all, 46 height profiles The tropospheric winds deduced from the ALWIN MST

were used for the comparison of falling sphere winds to radag, 4o ere compared to winds from radiosondes launched at
wind estimates during the period between 1999 and 20054, ¢ |gcated radiosonde station. For a comparison of simul-

Radar winds were estimated with two medium-frequency,,nequs wind profiles, hourly median values were prepared
(MF) radars at the Andgya island for the launch periods andia ing at the launch times of the radiosondes. Assuming
presented in Sec8.2 Additionally, a comparison between 4t the hackground wind does not change drastically during
MF and VHF radars was prepared for a selected period durgnig particular hour, the hourly median winds are a good ap-
ing July 2003. A direct comparison of VHF radar winds t0 o imation. The radiosonde height profiles were smoothed
falling spheres is noF possible becayse there were pnly Ve order to obtain a height resolution comparable to the radar
few measurements in the same altitude range available. ind measurements which is 300m for SA and 600 m for
similar comparison is performed_for mgteor rad_ar winds topgs. Figurel shows a typical vertical height profile of a
MF rqdar winds for the overlapping altitude region of both radiosonde launch during the ROMA-LEWIZ winter cam-
experiments between 82 and 86 km (S&c3). paign conducted at Andenes in January 2005 in comparison
to radar observations. Radiosondes can measure winds with
an accuracy of 0.15 nT$. An uncertainty of the radar wind
measurement was determined to be less than2'rfos the

For this study wind measurements were gathered from thé@veraging period of one hour.

ALWIN MST radar using spaced-antenna (SA) and Doppler Mesospheric winds were obtained from the wide-beam
beam swinging (DBS) experiments at tropospheric altitudesAndenes MF radar (AMF) and the narrow-beam Saura MF
The VHF radar started operation in 1998 for the investi- radar (SMF) using the SA techniqu8ifger et al. 1997,
gation of tropospheric dynamics and also of strong radar2003h 2008. Wind estimations from the MF radars are
echoes from the mesopause regituat{eck et al. 1999. available between 70 and 90km. These radar wind mea-
Table 1 summarizes the experimental parameters of thissurements were compared to falling spheres launched by me-
radar in comparison to the other instruments. The two-teorological rockets during several campaigns conducted at
way 1/e half-beamwidth parameter shows the differences inthe Andgya Rocket Range near Anderids§l{emann 2004).

the beamwidth of the methods used in the experiments ofThe falling spheres normally inflate in a distance of about

2 Experiments
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Fig. 1. Comparison of typical height profiles from radiosonde (RS) and radar soundings (DBS and SA). Win(e3peeldwind direction
(b) are shown for the three methods as well as the trajectory of the radioggwvdaich shows the distance to the ALWIN VHF radar.

60 km away from the radar site in an altitude above 100 km.20033. In order to estimate the hourly mean winds only
After inflation the spheres descent with a high velocity and meteor detections with zenith angles less thehvéére used
data were collected with a sample period of 0.3 s. The heightind at least 10 meteor detections per height bin. The mete-
resolution of a measurement with a falling sphere is deter-ors for the wind estimation are binned into height intervals
mined by the height and density dependent reaction time orf 3km. A direct comparison to falling spheres is not pos-
density fluctuations. The recorded trajectory of the sphere isible since the altitude range of meteor detections is above
fitted in height intervals by Legendre polynoms in order to the altitude range of reliable falling sphere winds. Hence,
determine the velocity and acceleration of a falling sphere.comparisons of winds obtained in a common volume by the
The filtering due to the interval length and degree of the AMF radar, the meteor radar, and the ALWIN VHF radar
Legendre polynom provide the lower limit in the resolution were performed.
of structures in the atmosphere. Above 80 km the interval
length in the vertical direction is about 10 km where struc-
tures down to a vertical extension of 5km (half of the inter- 3 Results
val length) can be detected and between 70 and 80 km the
interval length is 6 kmMlillemann 2004. In case of agen- 3.1 Comparison of radar and radiosonde winds at tropo-
eral selection criteria for the wind measurements by falling spheric altitudes
spheres only values were accepted where the downward ve-
locity of the sphere was less than 1.75Mach. Note, this cri-The ALWIN MST radar is continuously operated in tropo-
terion is mostly true for falling sphere measurements belowspheric mode. During the period 2004—2007 simultaneous
80 km. observations of radiosonde and radar winds were selected
A comparison of the mesospheric winds obtained from theand an example of a launch during the ROMA-LEWIZ cam-
ALWIN VHF radar directly to falling sphere winds is not paign in January 2005 is shown in Fiy. The wind speeds
possible for different reasons. The period of wind determi-derived from the SA and DBS experiments are in good agree-
nation by VHF radars is limited to the occurrence of polar ment to the radiosonde estimates for the whole altitude range
mesosphere summer echoes (PMSE) which generally occlsetween 2 and 12km as displayed in panel (a) of Eig.
at altitudes between 80 and 90 km. Since most of the fallingSome differences of the hourly median estimates occur in the
spheres provide reliable wind estimates only below 80 kmobservations which were due to the variability of the atmo-
another approach for a comparison was used in this study. Isphere on short time scales during the averaging period. The
a coarse approach VHF wind measurements were comparedirections given in degree east of north in panel (b) agree well
to the wide-beam AMF radar winds which are continuously for the three methods. Itis proved by the movement of the ra-
available in July 2003. In order to achieve a comparablediosonde analyzing the trajectory as presented inl€igThe
height resolution the VHF radar wind values were averagedlistance of the balloon to the radar site is about 7 km south-
in 2 km bins over an altitude range of 4 km. ward at 8km altitude. Furthermore, between 4 and 12 km
The SKiYMET meteor radar is co-located to the ALWIN the radiosonde is transported southwards which corresponds
MST radar since 2001. The meteor trail is located with ato the horizontal wind direction obtained from the different
range resolution of 2km and an angular resolution of°1-2 methods.
using a 5-antenna interferometer allowing height-resolved The variation of the difference between radar wind speed
wind measurementsHpcking et al, 2001 Singer et al. and radiosonde wind speed in dependence of the flight
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Fig. 2. Scatter plots (SA wind minus radiosonde wind measurements) of wind $pgetd wind direction(b) between 2 and 12 km
depending on the distance between radiosonde and radar for all radiosonde launches in 2004—-2007.
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Fig. 3. Differences of wind speed obtained from Doppler experim@htspaced antenna wind spefy, and direction(c) between the
ALWIN VHF radar and radiosondes (crosses). The solid line represents the median height profile for all simultaneous measurements and the

dashed lines the quartiles.

distance of the radiosonde is shown as scatter plot inZaig. median wind speed of the SA experiment is underestimated
An anti-correlation was found for the observed altitudes be-of about 2-5m<s! for all ranges. Figur&c shows the dif-
tween 2 and 12 km with a correlation coefficient determinedferences of the wind directions between the SA method and
to r=—0.37. The difference between radar and radiosondethe radiosondes with medians close to zero at all ranges. The
winds increases with increasing distance which was alsmbservations vary obviously due to geographical and instru-
found during the MUTSI campaigr.@ce et al, 2001). This mental reasons. The radar is located at a fixed point and is
is an effect of the inhomogeneous wind field because pro-operated in the tropospheric mode with a height resolution of
cesses on short time scales influence the dynamics of the a600 m sampled in 300 m bins. Hourly median wind profiles
mosphere. The direction differences did not correlate withwere prepared which are an average observation during the
the distance of the radiosondes as shown in Big. The  flight of the radiosonde. After launching the radiosonde the
variations are in the order af30° for short distances and balloon is transported by the wind for a certain distance away
the slope of the linear regression is nearly zero. from the radar site as shown in Fitg. The wind character-
d’stics change during the observational period and introduce
Hifferences in the observations. Furthermore, the balloons
were also influenced by small-scale structures and variations
gf the local wind field.

The height variation of the differences between radar an
radiosonde winds is presented on the basis of hourly medial
winds in Fig.3.The solid line represents the median profile
for all available values and the dashed lines are the lower an
upper quartiles. The horizontal wind velocities fromthe DBS  Scatter plots of radar and radiosonde winds for the alti-
fit well to that from the radiosondes where the median speedude range between 2 and 8km are shown in Big.SA
below 7 km is slightly larger for the radar measurement. Thewinds are not biased by low Signal-to-Noise ratios at these
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Fig. 4. Scatter plots of wind speed obtained from Doppler experirgnspaced antenna wind spe@x) and direction(c) for the ALWIN
VHF radar and radiosondes for the altitude range between 2 and 8 km. The crosses mark the hourly median values, the lines are correlation:
concerning that both variables have errors.

altitudes. Wind speeds measured _by DBS (a) and SA (b)l'able 2. Comparison of winds obtained from spaced antenna (SA)
are well correlated but are underestimated by about 10% fog, 4 Doppler beam swinging (DBS) methods of the ALWIN VHF
DBS and 15% for SA compared to the radiosonde speed meaadar and radiosonde measurements in the altitude range between 2
surements. The wind directions obtained from SA and ra-and 8 km (bias, standard deviation, and rms differences).

diosonde observations agreed very well as shown in4&ig.

and as also shown by the high correlation coefficients. bias std rms

The result of the DBS measurement is similar to the ob-

. . oo SA-RS VvV -29ms?! 40ms?! s50mst?
servation byHocking (1997 who found an underestimation @ 05 16.6 16.6
of DBS wind speed in the order of 10% for the_ :_alutude DBS—-RS V -11ms! 36ms! 38msl!
range between 2 and 8 km. The correlation coefficients are @ 1.6 16.5° 16.5

in the same order as given yocking (1997, r=0.96 vs.
r=0.92 for wind speeds and=0.98 vs.r=0.97 for wind di-
rections. The comparison between radiosondes and the two
modes of radar observation shows that there is a clear difThese values are in the same order of magnitude compared to
ference between the SA and the DBS method. The smallestudies byvincent et al.(1987, 5-7ms* and 10-15, and
beamwidth on reception of the Doppler experiment and theWeber and Wuert¢1990. The estimates of biases and rms
direct measurement of the radial wind components are proberrors for both methods, SA and DBS, are shown in Table
ably an advantage to the spaced antenna experiment using
the full-correlation analysis (FCABriggs 1984. The as- 3.2 Comparison of radar and falling sphere winds at meso-
pect sensitivity of the scattering entities can influence the es- spheric altitudes
timation of the wind velocities in the Doppler experiments
(Hocking 1989 1997). For the Doppler analysis the narrow  at the radar site in Northern Norway continuous wind mea-
radar beam is tilted*7off-zenith for wind measurements and  syrements at mesospheric altitudes are available for several
the influence of aspect sensitive backscatter has been consigears. The rocket launch area nearby provides a unique op-
ered in the wind analysis. In the SA experiment the narrowportunity to compare the radar measurements to winds from
transmitted beam is pointed towards the zenith but the widefa|ling spheres launched by meteorological rockets. The
beam receiving antennas collect signals from a wider areameasurements compared here are not really common vol-
These signals can be influenced by e.g. high-frequency gravame observations but the locations are close together. This
ity waves Meek and Reid1989 Hocking 1988 Vandepeer  jlows the comparison of radar winds to in-situ estimates
and Hocking 1993 or the triangle size effecHoldsworth  hich have a similar altitude resolution between 70 and
1999. 80km. Scatter plots of radar winds and of winds from 46
In order to compare the results to previous investigationsfalling sphere launches from altitudes between 70 and ap-
the bias of the wind estimates and the rms differences wer@roximately 80 km are shown in Fi§. The wide-beam An-
determined. These error estimates are summarized in Tadenes MF radar receives echoes from a large volume which is
ble 2. For the SA wind comparison to radiosondes a biasdefined by the transmitting beamwidth of°6@nd the pulse
of —2.9ms ! was determined for the wind speed an@.5’ width of 4km. The winds derived from the falling spheres
for the direction. The rms differences were estimated towere estimated by fitting a Legendre polynom to the tra-
5.0ms?! and 16.6 for speed and direction, respectively. jectory data with an interval length of 6 km in the vertical
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Fig. 5. Scatter plots of wind spee@) and direction(b) from the spaced antenna experiment using the wide-beam Andenes MF radar
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Fig. 6. Scatter plots of wind speefh) and direction(b) from the spaced antenna experiment using the narrow-beam Saura MF radar
(Vsmr, ©smip) and falling spheresies, ®fs) for the altitude range below 80 km.

direction. The height resolutions of the two methods arebut the values correlate better than the values obtained from
comparable. the wide-beam AMF radar. This is understandable as the il-

The wind speed shown in Figa is in the order of 35% luminated scattering volume is much smaller due to the nar-

less than the wind speed estimated from the falling sphere§.9W transmlttlng beam gnd apulse Igngth of 1 km which pro-
This result is in good agreement to previous wind compar-v'des an increased altitude resolution. On the other hand,

isons byManson et al(1992. The wind directions agree the wide-beam AMF radar estimates can be contaminated by
well comparing the wide-beam AMF radar data to falling Ve”ic"?" fluctuating motiqns due to waveddcking 198‘.3
spheres (Figbb). Observations during all seasons are avail—and high-frequency gra}\(|ty waye‘de(ndepeer and Ho.cklr,\g
able and were compiled in this figure. This is clearly seenlgga' The DBS capability of this radar was not available at

in Fig. 5b because during polar summer easterly winds arethat time.
predominant whereas during polar winter westerly winds are Earlier observations of mesospheric winds by means of

observed at mesospheric altitudes. rockets and radars operated at different frequencies were dis-
The Saura MF radar has improved characteristics using @aussed in several publications (eMeek and Mansor985

narrow transmitting beam with the half-power fullwidth of Lubken et al. 1990 Murayama et a.1999. It was found

6° and the receiving antennas are arranged as an “Y”. Figthat MF radar winds are in mean about 20% smaller than

ure 6 shows the results of the SA experiment compared towinds observed by rocketdleek and Manson1985 and

falling sphere wind estimations. The wind speed is still un- similar results were shown blyiibken et al.(1990. The

derestimated by the radar observation in the order of 20%esults observed in the current study are comparable to the

Ann. Geophys., 26, 3693705 2008 www.ann-geophys.net/26/3693/2008/
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Fig. 7. Histogram of the ratios of the wind sped@$ and differences of the wind directiofis) between Andenes MF and Saura MF radars
in the altitude range of 82 and 86 km (July 2003).

earlier investigations. The wide-beam MF radar (AMF) un- eter, 6;, was determined after the relation for the “spacial
derestimates the wind speed in the overlapping altitude reeorrelation” given byLesicar and Hocking1992 which in-
gion in the order of 35% which is given ieek and Man-  cludes the axial ratio and the pattern scale of the correlation
son (1989 as upper limit for summer observations at 88 km. ellipse (see also AppendiBfor details). The aspect sensitiv-
The observed differences between radar winds and in-situty is a quantitative explanation for the isotropic/anisotropic
measurements from falling spheres are mostly related to thehape of the scatterers where small valueg,oflescribe
different sampling methods — the falling sphere data are ava high aspect sensitivity and, therefore, a high degree of
eraged in height whereas the MF radar winds are averagednisotropy.
over the pulse volume. In addition, spatial inhomogeneities
of the wind field contribute to the observed differences. Figure 8a shows the frequency distribution in the aspect
angle differences between the two MF radar experiments.
3.3 Comparison of radar winds at mesospheric altitudes The shape of the distribution is asymmetric and will not be
discussed here in more detail. The median is nearly zero
In this comparison one month in summer 2003 was selectedut the distribution shows a maximum peak at differences
because data of several radars were available for this periociround 2. This result indicates that the aspect sensitivity
Hourly median wind values were prepared for July 2003, aobserved by the wide-beam AMF radar is smaller (lagggr
period during the occurrence of polar mesosphere summedit the maximum peak than that observed with the narrow-
echoes (PMSE) in VHF radar observations. The comparitbeam SMF radar. Due to the large volume illuminated by the
son of the ratios of the wind speeds and the differences oAMF radar the backscatter from different scattering angles
the wind directions between the AMF and the SMF radarscontribute to the diffraction pattern received by the spaced
is shown as a frequency distribution in Fig. The ratios  antennas. In observations with the narrow-beam SMF radar
of the wind speed estimates indicate that the values of thdackscatter from a small volume illuminated near the zenith
wide-beam AMF radar are in the order of one-third smaller contribute with smaller aspect angles. This is related to
than the wind speeds of the narrow-beam SMF radar. Inmore anisotropic scatterers. But there are numerous values
Fig. 7b the distribution of differences in the wind directions where the aspect sensitivity of the narrow-beam SMF radar
is shown. The directions agree well for the comparison be-s lower (largerd,) than that observed with the wide-beam
tween both radars and the median is nearly zero. In order t&AMF radar. The wide-beam AMF radar will also collect
compare the results to other observations the rms differenceschoes from structures at larger off-zenith angles where the
were determined for these observations, 15.5tfer the  ground diffraction pattern could be influenced by variations
wind speed and 6°%or the wind direction. in the wind field with height, by wind field inhomogeneities
In order to study possible reasons for the differences inbecause of gravity waves, or by short period gravity waves
the wind speeds observed by the two MF radars additiona(Holdsworth et al.2001, and references therein). The influ-
parameters were investigated. One important point, whichence of gravity waves and the discussion whether a partial re-
has to be considered, is the influence of the angular variatiofilection radar measures the true velocity of wind or the phase
of the backscattered echoes also known as aspect sensitivityelocity of gravity waves was initiated Byines et al(1993
(Rottger 1981 Reid 1990. The aspect sensitivity param- on the basis of numerous experimental results. However,
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Fig. 8. Histogram of differences of the aspect sensitivity param@deand the spectral widttb) between Andenes MF and Saura MF radars
in the altitude range of 82 and 86 km during July 2003.
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Fig. 9. Histogram of the ratios of the wind spee@g and differences of the wind directiofis) between Andenes MF and ALWIN VHF
radars in the altitude range of 82 and 86 km (July 2003).

from our observations the influence of the transmitted beanand the median difference is nearly zero. The wind speed
width can be extracted as the predominant reason of lowe(a) obtained from the VHF radar is nearly double as large
wind speeds observed by the wide-beam AMF radar. as the wind speed observed with the wide-beam AMF radar.
Additionally, the spectral width obtained from the pat- The narrow-beam VHF radar has a much smaller beamwidth
tern lifetime of the correlation analysis (see AppenBixis and a range resolution of ten times less than the AMF radar
shown in Fig.8b. The velocity distribution is nearly identi- (see Tablel). In addition, winds were only observed in the
cal and the median value of the distribution is zero. Thesepresence of PMSE. Furthermore, the atmospheric structures
observations show that the influence of spectral broadeningbserved by the ALWIN MST radar have a much smaller

might play a minor role in the differences of the wind speed vertical extension compared to the MF radars because of its
observations. Bragg-wavelength of 3 m (75 m for the AMF radar). The rms

For the VHF radar winds a direct comparison to falling difference for the AMF and VHF radar wind speed observa-

spheres is not possible at mesospheric altitudes due to thHéons was determined to 25.5m'sfor 82-86 km altitude.
different he|ght coverage of the methods. Therefore’ a rougﬁrhe rms difference for the directions was estimated t6.1.5
comparison of the VHF radar winds to that observed by theNote, the wide-beam AMF radar and the narrow-beam VHF
AMF radar was prepared. FiguBepresents the results for radar are difficult to compare, often the echoes observed with
the same period and altitude range as shown in Eigrhe the VHF radar cover an altitude range considerably more nar-
wind measurements compared in these observations were oF@W than the pulse width of the AMF radar.

tained in SA mode. The wind directions in (b) agree well
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Fig. 10. Histogram of the ratios of the wind spedd$ and differences of the wind directiofis) between Andenes MF and Andenes Meteor
radars in the altitude range of 82 and 86 km (July 2003).

In principle, the winds derived from meteor radars are €S Table 3. Comparison of mesospheric wind estimations between

timated in a different way. The transmitted radio wave is yhe AMF radar and other available radar instruments using the SA
reﬂeCted at the IOﬂIZGd meteor tra'l aﬂd Its rad|a| Ve|OCIty IS methods (b|as1 standard devia’[ion’ and rms diﬁerences).

determined. From many meteors an hourly mean wind vector
is derived by fitti.ng the indiyidual radial velocities. 'Figur@ bias std rms
presents the ratios of the wind speed (a) and the differences of

the direction (b) between the AMF radar and the meteor radar AMF-SMF vV —155ms® 09ms?® 155ms?
at altitudes between 82 and 86 km. The directions (shown in ® 6.6° 1 2.4 1 6.9 1
b) agree well in this distribution plot but the wind speed (a) AMF-VHF V' —255ms® 0.9ms=  255ms
of the AMF radar is less than the winds derived from meteor AMF — MET C‘Ij —121§4m sl 3 3?}:5—1 13 ;';Ogl
observations in the order of 30%. These results are in good ® i.4° ' 13 ‘1_80

agreement with the observationsTdfayaparan et a(1995,
Hocking and Thayaparaf1997, andManson et al(2004).
The bias and the standard deviations for wind speed and di-

rection are shown in Tab The rms differences were also Mogeneity of the wind field but it can not be quantitatively

determined for this observation to 12.8 mtsand to 2.8 for ~ Specified.
wind speed and direction, respectively. At altitudes between 70 and 92 km radars at frequencies in

the MF/HF and VHF band can be used for mesospheric wind

measurements as well as falling spheres, chaff clouds, satel-
4 Discussion lite observations, or optical detections. From previous obser-

vations it was found that the MF radar winds were smaller
At tropospheric altitudes radar winds obtained from DBS than winds obtained from VHF radarsipken et al. 199Q
and SA experiments were compared to a large number oManson et al.1992. In a comparison shown hiyall et al.
radiosonde launches at polar latitudes. A high correlation(2005 for winds measured by MF and meteor radars lo-
between the radar and radiosonde wind speeds was found f@ated near Tromsg, Northern Norway, the authors found an
many simultaneous measurements over a period of four yeansnderestimation of the horizontal winds of about 20% be-
and the height range between 2 and 8 km. The wind speetbw 91 km. Similar results were shown I@ervera and Reid
obtained from DBS measurements show an underestimatiol995 for the Australian site where they have analyzed the
of 10%. Thomas et al(1997 found in their analysis from difference between MF and meteor radar winds. A long term
several simultaneous measurements a bias of 4—-6% in thgtudy was presented @jhayaparan and Hockin@002 and
altitude range of 4-14 km. The results shown in this compar-a weak correlation was reportefflanson et al(1996 and
ison fit well to the previous results as mentioned above. TheMeek et al(1997 compared MF radar winds to Fabry-Perot-
difference between the SA observation and the radiosondekterferometer observations which matches best at 98 km al-
is larger and was determined to about 15%. The wind di-titude. In the comparision of MF radar winds to that obtained
rections are always represented well by all methods. Thdrom the HRDI instrument on the UARS satellitéeek et al.
bias can be attributed to a certain degree to the spacial inhg21997 found a speed ratio of 0.7 for two altitude layers
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(70-85 km and 85—-94 km). The speed ratio between the MFvatory in Northern Norway. The results illustrate that wind
radar and the HRDI instrument were in the same order ofdirections are well estimated by the different methods of ob-
magnitude than the ratios presented in BigHowever, the  servation. On the other hand, the radar wind speeds correlate
measurements were separated~3 in latitude (370km)  well to balloons and falling spheres but are mostly underes-
and the differences were explained by a latitude differencetimated. Each radar used in this study estimates wind val-
in the mean circulation pattern and an earlier occurrence ofies characterized by the instrumentally conditioned height
the tidal oscillation. Na-Doppler lidar winds compared to the and temporal resolution. Furthermore, the radar observations
MF radar winds show similar results with an rms difference were averaged in time above a localized point whereas the in-
of 20 m s’ for difference-filtered dateFfanke et al.2007). situ methods are averaged in time-of-flight which is equiva-
The results presented here show the comparison of trolent to an averaging in space. The wide-beam Andenes MF
pospheric and mesospheric wind measurements to in-sittadar observes smaller wind speeds but the measurements
measurements by radiosondes and by falling spheres. Sinae now continuously running for ten years. Here, only the
the in-situ observations have non-uniform height resolutionsspaced antenna observations of the narrow-beam Saura MF
these data were fitted into height bins comparable to theadar were discussed, the Doppler beam steering capability
radar range resolution. The radar wind estimates are, in gersf this narrow-beam radar will be the topic of another paper.
eral, smaller than the in-situ results which was also foundThe biases, standard deviations, and rms differences between
in previous studies. Most of the presented data are comtropospheric wind measurements by radars and in-situ obser-
mon volume measurements. These might be influcened byations by radiosondes were discussed. The spaced antenna
small scale fluctuations due to the orography or due to atradar wind speeds are biased-62.9 m st with a rms error
mospheric waves to whom the in-situ instruments are veryof 5.0ms™ and for the Doppler beam swinging wind esti-
sensitive but the radar observation is an averaged measureates a bias of- 1.1 m ™! with a rms error of 3.8 ms' was
ment over a larger volume. The more narrow the illuminateddetermined. The wind directions agree well for both methods
volume the smaller are the differences in the wind speedswith a very low bias {0.5° for SA and—1.6° for DBS) and
The wind directions are always represented very well. a rms error of about 1625 Furthermore, these parameters
At mesospheric altitudes wind observations from different were obtained for the comparison between different radars at
radars were compared for a representative summer monthnesospheric altitudes. Here, biases-d5.5ms* and 6.6
This comparison shows that the wind speeds obtained fronwith rms errors of 15.5ms" and 6.9 were found for the
the narrow-beam Saura MF radar as well as the Alwin MSTwind speed and direction comparisons of the narrow-beam
and the meteor radar are larger by a factor of 1.3 to 1.5 comSaura MF radar to the wide-beam Andenes MF radar at alti-
pared to the wide-beam Andenes MF radar. This correspondgides between 82 and 86 km. Due to the narrow beamwidth
also to earlier observationslanson et al.1992. the Saura MF radar provides higher wind speeds than the
In order to understand the differences between the widewide-beam Andenes MF radar. The estimates by comparing
beam AMF radar and the narrow-beam SMF radar a comMmeteor radar winds to the Andenes MF radar winds have a
parison of the aspect sensitivity and the spectral width wadias of—12.9ms™* and 1.4 and a rms error 0£13.2ms’*
performed. The spectral width as a measure of velocity flucand 1.8. Furthermore, the wind measurements obtained
tuations does not differ very much for the two radars. Thefrom the VHF radar are larger than that from the Andenes
atmospheric structures observed by these radars must therMF radar with rms errors determined to 25.5m &nd 1.5
fore be nearly identical. The difference in the aspect senfor wind speed and direction, respectively. From wind mea-
sitivity parameter shows an asymmetric distribution with a surements obtained by the wide-beam 2MHz radar comes
peak where the aspect sensitivity for the narrow-beam SMpUt that wind speeds are lower by about 35% compared to in-
radar is larger. Further studies should clarify the influence ofSitu observations by falling spheres and for the narrow-beam
the radar beamwidth on the aspect sensitivity and also on th8 MHz radar the wind speed is underestimated by about 20%.
wind velocity estimated using the SA technique. However, The smaller beamwidth of the Saura MF radar leads to larger
the beam width of the radar contributes most significantly towind velocities.
the difference between AMF and SMF wind speeds because
a wide beam with longer pulse width illuminates a larger vol-

. . A dix A
ume where backscattering will occur. ppendix

Determination of bias, standard deviations and root

mean squares
5 Summary a

. . . .. The bias determines the mean deviation and reflects the sys-
Wind measurements obtained from radars operating at d'f'tematic error of the measurement:
ferent frequencies as well as winds from balloons and falling '
spheres were used in this study. They represent the capgg .

1 N
e . bias= - Z Viradar_ V,'RS . (Al)
bilities of the very good facilities near the ALOMAR obser- N =

Ann. Geophys., 26, 3693705 2008 www.ann-geophys.net/26/3693/2008/



N. Engler et al.: Wind comparison 3703

The standard deviation determines the statistical error of th&keferences
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