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Abstract. For non-omnidirectional sonic anemometers like
the Kaijo-Denki DAT 600 TR61A probe, it is shown that
separate planar-fit rotations must be used for the undisturbed
(open part of the sonic anemometer) and the disturbed sec-
tor. This increases the friction velocity while no effect on
the scalar fluxes was found. In the disturbed sector, irregu-
lar values of−u′w′ < 0 were detected for low wind veloc-
ities. Up to a certain extent these results can be transferred
to the CSAT3 sonic anemometer (Campbell Scientific Ltd).
This study was done for data sets from the Naqu-BJ site on
the Tibetan Plateau.

1 Introduction

The planar-fit method (Wilczak et al., 2001) was developed
to allow for the use of the eddy-covariance technique in a het-
erogeneous landscape with a non-uniform wind field and to
align the sonic anemometer with the streamlines of this wind
field (Finnigan, 2004; Foken et al., 2012a; Rebmann et al.,
2012). The rotation angles must be calculated for a long-term
data set of some weeks or months duration. This time pe-
riod must be carefully determined depending on the structure
of the underlying surface and the time of the year, includ-
ing typical wind speeds and stratifications (Siebicke et al.,
2012). Before the planar-fit method (PF) had come to the
community’s attention, the double rotation, described e.g. by
Kaimal and Finnigan(1994), was predominantly used to re-
move mean vertical wind components in eddy-covariance

data processing. It forces the mean vertical wind velocity to
zero, independently for each single averaging period. There-
fore, the double rotation is a very efficient method and it
can be used for real time flux calculations (Rebmann et al.,
2012). The planar-fit method is preferred now in the com-
munity, as it overcame the deficiencies related to the dou-
ble rotation method. Basically, these are potential overrota-
tion, information loss, deterioration of data quality and a non-
consistent reference surface on timescales beyond the aver-
aging period, which is required for seasonal of annual bud-
get estimations (Wilczak et al., 2001; Lee et al., 2004; Fo-
ken et al., 2004; Rebmann et al., 2012). Especially in com-
plex landscapes and over tall vegetation, the vertical wind
velocity may not always be zero for 30-min averages, which
has to be taken into account (Lee, 1998; Paw U et al., 2000;
Finnigan et al., 2003). In many cases, however, the terrain
structure is too complex to be levelled on a plane by a sin-
gle planar-fit rotation.Finnigan et al.(2003) mention a de-
pendence of the rotation angle on wind direction for such
cases, which can be realized, e.g. by a sector-wise planar-fit.
This has been proposed byFoken et al.(2004) and already
adopted, e.g. byOno et al.(2008), Yuan et al.(2011), and
Siebicke et al.(2012).

The planar-fit method is ideally suited for omnidirectional
sonic anemometers like USA-1 (Metek GmbH), R3 (Gill In-
struments Ltd.) and others. For this type of sensors, no wind
sector is significantly influenced by flow distortion. There-
fore, the rotation follows the wind field and should not be
affected by sonic anemometer structures. Nevertheless, an
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influence of such structures can also be found for omnidi-
rectional sonic anemometers (Göckede et al., 2008), but of-
ten these are symmetric in three or four directions. This is
not the case for sonic anemometers with an open measuring
sector and a disturbed sector due to the anemometer mount-
ing structure (Dyer, 1981). A classical representative of this
anemometer type is the DAT 600 with the so-called TR61A-
probe, produced by Kaijo-Denki, Japan (Fig.1a, Hanafusa
et al., 1982), which is still in use. The most commonly cur-
rently used example is the CSAT3, produced by Campbell
Scientific Ltd., USA (Fig.1b).

The non-omnidirectional sonic anemometer has two sec-
tors: the disturbed sector and the undisturbed measuring sec-
tor with nearly no flow distortion. The undisturbed (open)
sector extends from its centre± 60◦ for the Kaijo-Denki
TR61A-probe (Fig.1a), and± 170◦ in the case of the CSAT3
(Fig. 1b, any direction except flow from the back side). The
disturbed sector for CSAT3 was confirmed to be approxi-
mately± 20◦ in wind tunnel measurements (Friebel et al.,
2009). Field measurements typically show a standard devi-
ation for wind direction of± 20◦, which is also found in
the data sets used for this study. It is usually recognised in
flux processing to exclude the disturbed sector in the back
of the CSAT3 measuring paths (Foken et al., 2004). The op-
posite sector, when the wind passes the measuring paths be-
fore encountering the CSAT3 mounting structure (front sec-
tor), is usually not considered as disturbed in flux process-
ing. Siebicke and Serafimovich(2007) can confirm a strong
effect on wind velocities in the back sector of a CSAT3, but
also a weak effect of the front sector on low wind velocities
in a wind tunnel study.

To account for these instrument-specific characteristics
combined with the standard deviation of wind direction, the
undisturbed sector is assumed to be± 40◦ for DAT 600
and ± 150◦ for CSAT3 in the following analyses, and the
CSAT3 front sector will be handled separately. When using
the planar-fit method for the whole wind sector, the deter-
mination of the regression coefficients (and therefore rota-
tion angles) is influenced by the disturbed flow due to sensor
structure. Hence the flux calculation is based on a wrong co-
ordinate system. As this problem is often not considered in
flux processing, we will discuss the effect when correctly ap-
plying the planar-fit method for the undisturbed sector only.

The Kaijo-Denki sonic anemometer must normally be
used together with a rotator and moved into the mean wind
direction for each measuring series (Foken et al., 1988).
If this is not done, the results are significantly influenced
in the 240◦ disturbed sector. A typical error is the occur-
rence of negative frictions,−u′w′ < 0 (Gerstmann and Fo-
ken, 1984), wherew′ andu′ are the fluctuations of the ver-
tical wind component and the horizontal wind component,
respectively; the latter is aligned into the mean wind direc-
tion. The anemometer is typically rotated into the mean wind
direction and−v′w′ ≈ 0 (v′ wind component perpendicular
to the mean wind direction). It follows for continuity reasons

that−u′w′ > 0. A self-correlation, however, occurs between
u′ andw′ due to flow distortion mainly in the case of low
wind speeds, creating irregular friction values. Similar errors
were also found in the data set of the CAMP/Tibet (Coor-
dinated Enhanced Observing Period (CEOP), Asia-Australia
Monsoon Project (CAMP) on the Tibetan Plateau) experi-
ment (Li et al., 2006). Furthermore, for earlier experiments
at this site in 1998 and 2002,Hong et al.(2004) reported
unexplained differences of the wind measurements with the
Kaijo-Denki TR61A-probe and the CSAT3.

2 Material and methods

For this study, two well-analysed and quality-checked data
sets from 6 February to 30 September 2008 (data set A) and
from 14 May to 25 June 2010 (data set B), with half hour
values of the calculated fluxes, were used. These data sets
have been examined in preference to an earlier data set of
CAMP/Tibet from 12 April 2004 to 3 September 2007 at
the Naqu-BJ site (91◦ 48′ 59′′ E, 31◦ 18′ 42′′ N, 4502 ma.s.l.),
where we already found negative friction for about 50 % of
the data. Like during CAMP/Tibet, the Kaijo-Denki DAT 600
TR61A probe sonic anemometer was installed at 20 m height
on a tower orientated to a westerly direction (270◦, Fig. 1c)
for data set A. Data set B also stems from the Naqu-BJ site,
but was a direct comparison of the Kaijo-Denki DAT 600
TR61A probe (orientation 263◦) and the Campbell CSAT3
(orientation 213◦) at a measuring height of 3.02 m (Fig.1d).
The Naqu-BJ site is located on a flat grassland (5 cm high
during the monsoon season) near Nagqu city. The Nagqu
area lies in the sub-frigid climatic zones, and annual mean
temperature ranges from−0.9◦C to−3.3◦C. The landscape
is very flat (incline< 2◦), and gentle hills occur in NNW–NE
of the measurement location; the shortest distance to the hill
slope is 900 m in NNE (Fig.1c). Other hills and mountains
in sectors E, S, and W are at least 10 km away from the eddy-
covariance setup (south-west sector is shown in Fig.1d).
Thus a possible terrain influence on the wind field can be
neglected, and the deviations from its ideal behaviour can be
attributed to sensor structures and the influence of the tower.

The data were analysed with the software package
TK2/TK3 (Mauder and Foken, 2004, 2011; Mauder et al.,
2008), which offers the possibility of applying the planar-
fit method sector-wise within a given data set. The applied
corrections were done in the software package according to
Foken et al.(2012b).

The planar-fit method was applied for (i) the whole data
set, and (ii) separately for the undisturbed and the dis-
turbed sector. The undisturbed sector of the DAT 600 sonic
anemometer was defined as± 40◦ from the centre of the
undisturbed sector. For CSAT3 we used± 150◦, but sepa-
rated the front sector, selected as± 30◦. This sector is posi-
tively rated by the community in general but shows weak in-
fluence of sensor structure. Hence the front sector is rotated
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Fig. 1. (a)Kaijo-Denki, DAT 600, TR61A-probe, view from top (redrawn fromHanafusa et al., 1982). (b) Campbell CSAT3, view from top
and orientation to north (Campbell Scientific Ltd., redrawn fromFriebel et al., 2009); for the given orientation the disturbed sector is 170◦–
190◦ in accordance with wind tunnel measurements and is therefore assumed to be smaller than in this study.(c) Kaijo-Denki, DAT 600,
TR61A-probe installed at Naqu-BJ site at 20.8 m height on a 22-m tall tower with the open sector to west, data set A. The picture is taken
from the perspective of the tower; the sonic measuring paths appear at an angle of roughly 320◦ (photograph: Kenji Tanaka).(d) Campbell
CSAT3 (left) and Kaijo-Denki, DAT 600 TR61A probe (right) installed in 2010 at Naqu-BJ site at 3.02 m height with the open sector to west,
data set B (photograph: Tobias Gerken).

separately and associated with the undisturbed sector, but oc-
casionally excluded in order to yield comparisons for open
sectors in the strict sense. An overview of the sensor orienta-
tion and wind sector definitions is given in Table1. Based on
these values, the DAT 600 and the CSAT3 have an overlap of
their undisturbed sectors from 223◦ to 303◦ when including
the CSAT3 front sector and from 243◦ to 303◦ when solely
using the open sectors. The planar-fit angles calculated for
all sectors described in Table1 show generally low values,
which is to be expected. The largest angles are approx. 4◦

(data set A), which can be explained by misalignment of the
sensor. They are consistent; i.e. angles for a certain sector
may deviate from the respective value of the whole planar-
fit, but face a compensative deviation in the opposing sec-
tor. These deviations are larger for smaller sectors and vice
versa. The determination of the coefficients of the planar-fit
method was only done for such data classified as data with
high or moderate quality (classes 1–6 according toFoken
et al., 2004). Furthermore, the flat topography and the low
vegetation allow for the usage of the double rotation as well.

Therefore, the double rotation is applied for comparison in
this study.

3 Results

Because the mean vertical wind velocity is mainly affected
by flow distortion, these data are investigated in detail for
both instruments and data sets. Figure2 shows that the ver-
tical velocity without any rotation for data set A is larger in
the sector from 150◦ to 260◦ due to the higher wind speeds
(Fig. 2a). After normalization with the mean horizontal wind
velocity, the finding agrees with a tilt error and a sinuous-
like w-value distribution (Fig.2d). Singular and negative w-
values were found for a wind direction of 130◦–135◦, which
is nearly identical to the tower position (Fig.1c). For this
analysis only data with high quality (classes 1–3 accord-
ing to Foken et al., 2004) were used. When including data
with moderate and low quality, the sinuous-like distribution
can hardly be seen (not shown). The scatter around this dis-
tribution can be mainly attributed to data points where ir-
regular friction occurs (red points in Fig.2d). For data set
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Fig. 2.Vertical wind velocity and its dependency on the wind direction for unrotated data and high data quality (flag 1–3 according toFoken
et al., 2004); the upper row displays mean vertical velocity(a–c), the lower row mean vertical wind velocity normalised by the horizontal
wind velocity (d–f); wu−1

= 0.1 equals a tilt angle of 5.7◦; columns represent DAT 600, data set A on the left(a, d), DAT 600, data set B
in the middle(b, e)and CSAT3, data set B on the right(c, f). The green sector is the undisturbed sector, and the red points indicate data with
−u′w′ < 0.

Table 1. Definition of the specific wind sectors as related to sen-
sor orientation. The open sector marks the undisturbed sector; the
CSAT3 front sector is occasionally associated with the undisturbed
sector.

Data Device Sensor-specific sectors
set Label Orientation [◦] Size [◦]

A DAT 600 whole 0–360 360
open 230–310 80
disturbed 0–230∪ 310–360 280

B DAT 600 whole 0–360 360
open 223–303 80
disturbed 0–223∪ 303–360 280

B CSAT3 whole 0–360 360
open 0–3∪ 63–183 240

∪ 243–360
front 183–243 60
disturbed 3– 63 60

B, smaller values occur due to the changed measurement
height (Fig.2b, c, e, f). After applying the planar-fit method
for all wind directions, the vertical wind velocity is much
smaller but still with a high scatter (Fig.3a, b, c). After
sector-wise planar-fit, the undisturbed sector shows consid-
erably lower vertical wind speeds of approx.± 0.1 ms−1 for
data set A, DAT 600 (Fig.3d). Only a small number of out-
liers are left with a higher-than-average occurrence of irreg-

ular friction. Significant scatter in the data can be found at
210◦ and 330◦, corresponding to the anemometer construc-
tion (Fig. 1a), while the range from 120◦ up to 140◦ also
includes the effects of the tower (Fig.1c). Around 90◦ the
data are affected due to the flow through the probe from be-
hind. For data set B the results for DAT 600 are similar. For
CSAT3 the vertical wind velocity after rotation is reduced by
the sector-wise planar-fit only in the front sector (Fig.3e, f).
In the open sector, the sector-wise planar-fit reduces vertical
wind velocity mainly near the disturbed sector, but at the ex-
pense of the fit near the front sector, creating strong disconti-
nuities there. The reason could be that flow from the CSAT3
back side might be disturbed beyond the defined sector limits
and therefore still influences the open sector.

Secondly, the data set was analysed regarding the condi-
tion −u′w′ < 0 for the planar-fit rotated data. The result is
illustrated in Fig.4 for high data quality, and Table2 sum-
marises the number of occurrences for different data qual-
ity ranges. In data set A irregular friction values are reduced
by the sector-wise rotation in the optimal measuring sector
(Fig. 4a, d). In the sector with flow distortion, these values
were only found for wind velocities below 6 ms−1 and in the
non-neutral stability range. This is similar to the findings of
Gerstmann and Foken(1984) and is obviously related to flow
distortion, which is more significant for low wind velocities.
The double rotation decreases irregular friction velocities in
the undisturbed sector even more (Fig.4g). For data set B,
similar results for the DAT 600 were obtained (Fig.4b, e,
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Fig. 3. Mean vertical wind velocity and its dependency on the wind direction for rotated data and high data quality (flag 1–3 according to
Foken et al., 2004); the upper row displays mean vertical velocity rotated for the whole period(a–c), the lower row mean vertical wind
velocity rotated sector-wise(d–f); columns represent DAT 600, data set A on the left(a, d), DAT 600, data set B in the middle(b, e) and
CSAT3, data set B on the right(c, f). The green sector is the undisturbed sector and the red points indicate data with−u′w′ < 0; dashed lines
for CSAT3 indicate the front sector, which is rotated separately.

h), but many fewer occurrences of irregular friction veloc-
ity were found due to the low measuring height. For high
data quality the rare incidences prohibit an interpretation of
the differences, but both the sector-wise planar-fit and the
double rotation yield substantial reduction compared to the
whole planar-fit when including moderate and low data qual-
ity (Table 2). Also, for CSAT3, data with−u′w′ < 0 occur
mainly in the disturbed sector (Fig.4c, f, i) and for low data
quality (Table2), although the relative frequency in the open
sector is in general larger than for DAT 600, data set B. The
sector-wise planar-fit yields substantial reduction of irregu-
lar friction velocities especially in the front sector (between
the dashed lines). In the open sector, however, the improve-
ment is small and the double rotation fails to reduce such
incidents for high and moderate data quality. The reduction
of irregular friction velocities by the sector-wise planar-fit
increases when including the CSAT3 front sector. When no
separate rotation for the front sector of the CSAT3 is made,
however, there is nearly no difference visible between whole
and sector-wise rotation (not shown). This suggests that the
disturbed sector should be excluded but that the front and
side sectors should be rotated separately.

The friction velocity and the sensible heat flux were com-
pared when using only one rotation for the whole data set
versus sector-wise rotation (Fig.5a, b). Slope and offset were
obtained using a geometric mean regression (e.g.Helsel and
Hirsch, 2002). The data of the disturbed sector were dis-
carded, and only data with high data quality (classes 1–

Table 2. Percentage of irregular data with−u′w′ < 0 for only the
undisturbed sector (for sector definitions see Table1) and different
data qualities (QC flag) according toFoken et al.(2004).

Data Device QC Sector-wise Whole Double
set flag planar-fit planar-fit rotation

N irr.∗ N irr.∗ N irr.∗

A DAT 1–3 964 20 920 34 1035 14
600 1–6 1795 25 1766 43 1960 17

1–8 2056 26 2056 46 2056 18

B DAT 1–3 140 2.1 121 3.3 146 1.4
600 1–6 209 2.4 182 8.8 245 1.6

1–8 302 3.0 302 17.2 302 1.3

B CSAT3 1–3 617 3.9 609 4.3 698 5.7
nF a 1–6 836 9.2 814 10.8 913 10.4

1–8 1137 15.6 1138 17.5 1138 12.3

B CSAT3 1–3 832 3.4 795 4.4 916 5.0
sFb 1–6 1154 7.4 1110 9.6 1256 9.1

1–8 1608 12.0 1609 15.9 1609 10.5

∗ irr: irregular occurrences of friction−u′w′ < 0 in %
a nF: no front sector, front sector excluded from undisturbed sector
b sF: front sector included but rotated separately in the sector-wise planar-fit.

3) are shown for data set A and DAT 600. When includ-
ing moderate data quality (classes 4–6), the scatter is larger
but the tendency of the regressions does not change (not
shown). The friction velocity is enhanced by 10 % through
the sector-wise planar-fit rotation (Fig.5, a), while the sen-
sible heat flux was obviously not different for both planar-fit
rotations (Fig.5, b). The double rotation yields much larger
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Fig. 4.Covariance−u′w′ and its dependency on the wind direction for rotated data and high data quality (flag 1–3 according toFoken et al.,
2004); The upper row displays−u′w′, data rotated for the whole period(a–c), the middle row−u′w′, data rotated sector-wise(d–f), the
lower row−u′w′, using double rotation(g–i); columns represent DAT 600, data set A on the left(a, d, g), DAT 600, data set B in the middle
(b, e, h)and CSAT3, data set B on the right(c, f, i). The green sector is the undisturbed sector and the red points indicate data with−u′w′ < 0;
dashed lines for CSAT3 indicate the front sector, which is rotated separately.

friction velocities than the sector-wise planar-fit (Fig.5, c).
For moderate and low data quality, even unrealistic values of
u∗ >2 ms−1 occur due to double rotation. The sensible heat
flux is not affected for high data quality, but the number of
outliers again increases with data quality, complicating ac-
curate slope estimation. The results for both data sets and
instruments are shown in Table3. In data set B the DAT 600
behaves similarly as in data set A, but the friction veloc-
ity is increased by only 4–5 %. The friction velocity from
CSAT3 is not markedly affected, even if the front sector is
included. Compared to the double rotation, the sector-wise
planar-fit slightly increases the friction velocity for data set
B, DAT 600, and decreases the friction velocity for CSAT3.
The sensible heat flux is again not affected. Few outliers oc-
curred for double rotation, which could be easily removed by
applying consistency limits to fluxes withu∗ >2 ms−1 and
QH >1000 Wm−2.

The results confirm the findings byHong et al.(2004)
for the Naqu-BJ site: “There was little difference in kine-

matic sensible heat fluxes (not shown) [. . . ] However,u′w′

from KD was 5 % smaller than that from CS” (KD: Kaijo-
Denki, CS: Campbell Scientific CSAT3).Hong et al.(2004)
could not give an explanation for these differences and cor-
rected the KD data with the CS measurements. Contrary to
Hong et al.(2004), our findings forσu and σv showed no
considerable effect of the rotation method.

4 Conclusions

If non-omnidirectional sonic anemometers are not moved
into the mean wind direction for each measuring series or
the data are not selected only for the open sector of the
anemometer, the coordinate rotation or planar-fit method
must be applied with care. For the open sector of the
anemometer, a separate planar-fit should be used. All data
from the other sector must be flagged as low data quality, es-
pecially because, for low wind velocities, irregular friction
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Fig. 5. Comparison of the sector-wise planar-fit rotation vs. planar-
fit rotation for all wind directions(a, b)and vs. double rotation(c, d)
for the friction velocity(a, c)and the sensible heat flux(b, d); data
set A, DAT 600, was used, only from the undisturbed sector and
with high quality (flag 1–3 according toFoken et al., 2004).

Table 3. Regression analysis of the friction velocity and sensible
heat flux using geometric mean regression for different data quali-
ties (QC flag) according toFoken et al.(2004). Only data from the
undisturbed sector are used. For sector definitions, see Table1.

Data Device QC Friction velocity Sensible heat flux
set flag [ms−1] [Wm−2]

a b R2 a b R2

Regressiony = ax + b with
x: sector-wise planar-fit,y: planar-fit for the whole sector

A DAT 1–3 0.89 −0.007 0.87 1.01 −2.2 0.98
600 1–6 0.85 −0.003 0.84 1.01 −3.5 0.95

B DAT 1–3 0.96 −0.011 0.99 0.99 0.3 0.99
600 1–6 0.95 −0.015 0.97 0.99 0.3 0.99

B CSAT3 1–3 1.02 −0.005 0.99 1.01 −0.4 0.99
nF a 1–6 1.01 −0.004 0.99 1.00 −0.1 0.99

B CSAT3 1–3 1.00 −0.006 0.98 1.00 0.0 0.99
sFb 1–6 0.99 −0.003 0.97 1.00 0.1 0.97

Regressiony = ax + b with
x: sector-wise planar-fit,y: double rotation

A DAT 1–3 1.43 −0.052 0.80 0.99 0.2 0.96
600 1–6 1.66c −0.078 0.70 1.17c −6.9 0.74

B DAT 1–3 0.97 0.039 0.89 1.01 −0.3 0.99
600 1–6 0.98 0.039 0.87 1.02 −0.4 0.99

B CSAT3 1–3 1.05 0.005 0.98 1.02 −0.4 0.98
nF a 1–6 1.06 0.008 0.96 1.02 −0.9 0.95

B CSAT3 1–3 1.04 0.005 0.98 1.01 −0.1 0.98
sFb 1–6 1.05 0.006 0.95 1.02 −1.1 0.96

a nF: no front sector, front sector excluded from undisturbed sector
b sF: front sector included but rotated separately in the sector-wise planar-fit
c slope sensitive to several outliers occurring in data from double rotation.

Table 4. Regression analysis of the friction velocity and sensible
heat flux using geometric mean regression for different data quali-
ties (QC flag) according toFoken et al.(2004). Only data from the
undisturbed sector are used. For sector definitions, see Table1.

Rotation method QC Friction velocity Sensible heat flux
flag [ms−1] [Wm−2]

a b R2 a b R2

Regressiony = ax + b with
y: DAT 600, data set B,x: CSAT3, data set B, front sector excluded

Sector-wise planar-fit 1–3 1.00 0.004 0.97 1.03−4.3 0.95
1–6 1.00 0.000 0.96 0.92 2.9 0.81

Whole planar-fit 1–3 0.94 −0.006 0.97 1.01 −5.7 0.93
1–6 0.95 −0.019 0.95 0.93 1.0 0.87

Double rotation 1–3 0.97 0.016 0.93 1.01−3.4 0.95
1–6 1.02 0.000 0.86 0.91 4.0 0.82

Regressiony = ax + b with
y: DAT 600, data set B,x: CSAT3, data set B, front sector included

Sector-wise planar-fit 1–3 1.01 −0.002 0.95 0.99 −0.7 0.95
1–6 1.01 −0.007 0.94 0.95 1.5 0.89

Whole planar-fit 1–3 0.94 −0.007 0.95 0.97 −1.1 0.92
1–6 0.93 −0.016 0.91 0.95 0.1 0.89

Double rotation 1–3 0.97 0.009 0.89 0.97 0.9 0.90
1–6 0.95 0.013 0.81 0.94 2.6 0.85

data are possible. The problem is not limited to the Kaijo-
Denki DAT 600 TR61A probe but is similar in the case of
other sonic anemometer types, such as CSAT3 (Campbell
Scientific Ltd.), with a much larger open sector of 340◦. By
applying the data quality scheme according toFoken et al.
(2004, Table 9.5, but not included in TK3 software), the
data from the remaining disturbed sector of 20◦ (CSAT3) are
flagged as containing errors (flag 9). But this selection must
be applied before the planar fit rotation. However, a substan-
tial fraction of irregular friction data cannot be eliminated by
a sector-wise planar-fit. Furthermore, the vertical wind veloc-
ity is also influenced by the CSAT3 probe supporting struc-
tures for wind directions from the front sector. A separate
planar-fit rotation for this sector substantially reduces mean
vertical wind velocity in this sector and also has an effect on
the friction velocity.

Published data of the Naqu-BJ site (Hong et al., 2004; Li
et al., 2006) or other sites with Kaijo-Denki, TR61A-probe
sonic anemometers, should be used with care. Fortunately,
only the friction velocity and standard deviations of the wind
components are affected, with no substantial influence be-
ing found for scalar fluxes. Nevertheless, the separate planar-
fit rotation should be used for all data. If the coefficients of
the planar-fit rotation for both instruments were only deter-
mined for the undisturbed sector, differences in friction ve-
locity between DAT 600 and CSAT3 can be substantially re-
duced (Table4). Therefore, a correction of DAT 600 data
according to a comparison with a CSAT3, as done byHong
et al. (2004), does not seem to be necessary for high qual-
ity flux data from the undisturbed sector. The double rota-
tion yields reasonable results for high data quality, but the
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occurrence of outliers and larger scatter (lower coefficients
of determination in Table4) confirms the mentioned problem
of potential overrotation.

The CSAT3 is one of the best rated sonic anemometers
available (Mauder et al., 2007). This study does not call these
findings into question, but rather it demonstrates some prob-
lems related to the CSAT3 probe structures, which could
not be conclusively clarified. Therefore, more thorough ex-
periments should be conducted regarding influence of the
CSAT3 geometry on the flow field, including information
about internal sensor-specific corrections as pointed out by
Burns et al.(2012).
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