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ABSTRACT:

The 215 m high meteorological mast in Cabauw, the Netherlands, is
briefly described with respect to construction, instrumentation and
surroundings. Tables of checked half-hourly averages of temperature at
2, 9, 20, 40, 80, 120, 160 and 200 m height, and of wind speed and di-
rection at 10, 80 and 200 m, are presented for the full year 1973, with
information on the complete measurement progran.,
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SAMENVATTING:

De 215 m hoge meteorologische meetmast te Cabauw wordt kort be-
schreven, zowel de konstruktie en instrumentatie als de omgeving.
Tabellen van gekontroleerde halfuurgemiddelden van de luchttenperatuur
op de hoogten 2, 9, 20, 40, 80, 120, 160 en 200 m, en van windsnelheid
en windrichting op de hoogten 10, 80 en 200 m worden gepresenteerd voor
het gehele meetjaar 1973, tezamen met een overzicht van de overige tij-
dens dat jaar verrichte metingen.

Inhoudsopgave: blz.
Inleiding en terreinbeschrijving 3
Mastconstructie 7
leetprogramma in 1973 9
Temperatuur- en wind-instrumentatie 10
Controle en correctie der meetgegevens 11
Nawoord, referenties, kleine tabellen 12
Halfuurlijks gemiddelde temperatuur- en windprofielen

in 1973 (beschrijving tabel, en voorbeeld-blad) 16

De volledige getabelleerde temperatuur- en wind-gegevens zijn
opgenomen in een supplement (184 blz.), waarvan slechts een beperkt
aantal beschikbaar is. Indien dit rapport-exemplaar geen supplement
bevat, en indien U de gegevens voor onderzoeksdoeleinden nodig
heeft, zend dan dit blad van het rapport (samenvatting en inhouds-
Opgave) aan de Directeur Wetenschappelijk Onderzoek, Koninklijk
Nederlands Meteorologisch Instituut, De Bilt. U zult Uw rapport-
blad terug ontvangen tezamen met een exemplaar van het genoemde
supplement, zolang de voorraad strekt.
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INTRODUCTION AND TERRAIN DESCRIPTION.

Since December 1972 the Royal Netherlands Meteorological Institute
(K.N.M.I.) operates a 215 m high meteorological mast at Cabauw. This
measurement platform is the chief experimental tool of the Physical
Meteorology Research Division, as a support to planetary boundary layer
research activities for subjects like air pollution dispersion, aero-
nautical meteorology, wind loading on structures, cooling tower plumes,
evaporation and mesoscale climatology. The experience obtained through
the operation of an 80 m mast near Vlaardingen from 1966 to 1973
(Rijkoort et al. 1970, Raaff 1975) has been useful towards the design
of the Cabauw mast, which was built in 1970.

The 215 m mast is located at 51,972 ON and 4.927 9E near the
village of Cabauw in the municipality of Lopik, 5 km Northeast of the
last buildings of the small town Schoonhoven (see map, fig. 1). The
mast location is within easy servicing distance (30 min. drive) from
the Meteorological Institute in De Bilt, which is also a regular radio-
sonde station. Other surrounding weather stations are indicated on fig.
1, with synoptic station numbers if applicable., The mast stands well
away from air traffic corridors, and is 8 km distant from the 383 m
high TV tower at IJsselstein and its surrounding antenna park.

The surroundings of the mast are topographically flat within a
radius of 20 km at least in all directions, and consist of meadows and
rastures with occasional lines of trees, river dikes and small villages.
Close to the mast (see map, fig. 2) an almost obstacle-free zone of
~2 km length and ~1 km width lies in the SW direction (fig. 4), which
is the most frequent wind direction. In contrast to this, at the East
side of the mast an area of ~3 km length and ~1 km width is covered
with small orchards and the low-rise houses of the village Lopik.

In 1973, thie generally rough ares terminated near the mast in a row
of poplars along the Zijdeweg road; these poplars were cut down in
March 1975. Typical surface layer roughness lengths are 0.05 m to the
SW, 0.25 m to the East, and 0.15 m in all other directions.

The lowest boom level in the 215 m mast is at 20 m. Measurements
at lower levels were made in 1973 in an observation area 70 m South
of the mast foot (fig. 3). An estimate of the roughness surrounding
this particular area was made by evaluating the gustiness at 10 m
height in strong winds (Wieringa 1976), and the results of this in-
vestigation are given in Table A in the form of roughness lengths.

A marked roughness difference is found between summer and winter
because all trees in the area are deciduous.

Care has been taken not to disturb unduly the surface layer on
the KNMI terrain with unnecessary obstacles. For example, the six
anchor blocks needed for guying the mast have been sunken flush with
the surface (fig. 3), and the parking area has been surfaced with 25¢%
stone and 75% grassy earth. At the NW side of the mast an area of
100 x 100 m has been egalized, maintaining the original soil orofile
(see fig. 2). Inthe future that area will be reserved for measurements

of soil heat flux, evapotranspiration and other components of the
energy balance.,
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Fig. 1. Meteorologioal network in western Netherlands during 1973
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CLOSE SURROUDINGS OF THE 215M MAST

{ DEC 1972 -~MARCH 1975 )
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Fig. 3. View from South side towards auxiliary 10 m mast on guy anclior
block, lower part of 215m-mast with registration building, and Zijdewveg
poplars.

i,

Fig. 4. View from 80 m mast level towards SW (direction Schoonhoven).



MAST CONSTRUCTION.

The mast has an expected lifetime of some decennia, and should
in that period be able to accommodate steady increases in accuracy and
sophistication of instrumentation. Particularly during the first years,
it was improbable that nucl funds and effort could be made available
for the provision of bhetter instrumentation and registration facilities
than those traditionally available. Therefore, the main Gesign purpose
was the provision of instrument rlatlorms with the least possible
obstruction to the airflow, with adequate signal transport facilities
from the platforms towards a central registration area.

In fig. 5 the general features of tie nast construction are
shown. Booms are provided at 2C-m intervals hetween 20 m and 200 w in
three directions, W, SE and SW. The mast cylinder itself has a diameter
of 2.0 m, and each boom extends D.4 n beyond the cylinder surface, i.e.
the instruments are located at a radial distance of 5 mast diameters.
According to various sources (Borovenko et al. 1963, Gill et al. 1567)
this should restrict the direct interference by the mast cylinder to
£1% at the upwind side.

Fig. 5. Construction of a single Cabauw mast level.
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.\ thermometer
radiation shield

Fig. 6. Single Cabauw mast boom, with instruments.

Bach boom can be swiveled upward hydraulically, so that the
instruments can be serviced or exchanged from a separate balcony 8 m
higher up. 4 small elevator running inside the mast stops at each
gservicing balcony. The swiveling boom construction has several advan-
tages in comparison with the customarily observed horizontally sliding
boom: the signal cables are not subject to wear because they are always
in the same position, and the instrument positions are reproducible
within 0.1° between calibrations. The Cabauw booms each consist of
three tubular beams (fig. 6). The upper two tubes each carry €0 signal
cables, while the third (1ower) tube is used as a ventilation duct,
connecting the thermometers at the boom end with the ventilator.

At the end of each boom, small tubular sideways extensions each
carry 4 standardized 9-point plugs for the direct mounting of instru-
ments. The remaining 2 x 20 signal connections are available in two
weathertight connection boxes. Even though the sizes of beams, connec-
tion boxes and other construction elements were minimized, the wind
ingtruments still suffered a non-negligible interference from the
boom construction in 1973, because then they were mounted as shown
in fig. € (i.e. not high enough above the boom itself - see Borovenko
et al., 1963). This interference was estimated to amount up to 5¢,
of the wind speed, depen’ing on azimuth; the estimate is based on
data from an experimental investigation which is not yet completed.

Above the 200 m boom level, a top balcony is constructed with
instrument mounting possibilities on its railing at 215 m. Lightning
rods have been mounted upwards (to 226 m) and sideways in three di-
rections above the booms. In addition, extensive lightning protection
measures have been taken in the signal transport system, and until
now these have been effective in preventing, e.g. lightning damage
of the signal cables.,



The mast as a whole is guyed at four levels in three directions
(fig. 7), in order to provide the necessary stiffness. From an inves-
tigation on a similar construction (van Koten 1968) it has been de~
rived, that the Cabauw construction has a worst-case motion of < 1%
of the windspeed, with basic oscillation modes of 0.46 and 0.58 Hz.

At the foot of the mast stands an octagonal building with an
extreme radius of 9 m and a height above ground of 4 m; the corners
have been rounded off with a 1 m radius. Preliminary field investi-
gations have shown that its measurable influence on the airflow at
2 m height does not extend beyond 20 m upwind. The building contains
the recording instrumentation, a workshop, storage space and living
quarters,

MEASUREMENT PROGRAM IN 1973.

In order to have experimental results from the Cabauw mast at
the earliest possible time, a limited observation program was run in
1973 (BAMS 1973). For that purpose a 27-channel signal conditioning
and multiplexing unit was built in-house at the KNMI (van Gorp 1976),
since at the time the specifications could not be met commercially
at a reasonable price. Of each registration channel 2-minute analog
averages were obtained by filtering with RC=40 sec., and these were
recorded on paper tape with five Facit 4070 punches, used in rotation.
The whole unit worked extremely reliably, giving only 2% loss of
data over the whole year 1973.

For each wind measurement level on the mast, continuous measure-
ments in three directions were necessary, requiring 6 channels in
all., On the other hand, several months investigation of horizontal
temperature differences between the three booms at a given level did
prove, that at this distance from the mast the temperature difference
between the mast wake and the free stream was £0.15 OC in the worst
case (Slob 1976). Thus on the mast measurement of temperatures at
the SE-side only was deemed sufficient. The following wind and tenmpe-
rature program was therefore chosen:

- wind at 10 m, 80 m and 200 m 16 channels;
- temperature at 2 m, 9 m, 20 m, 40 m, 80 m,

120 my, 160 m and 200 m (for details and

checks see below) 10 channels.

These were recorded every 2 minutes, together with one control channel
(standard voltage), time indication and channel identification.
Half-hour averages derived from these original tape registrations are
given in this report. Additionally, the following data were recorded
continuously during 1973:
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Llement Instrument Measurement Recorder Sampling or
levels . averaging
period
Humidity  Fuess hygrograph 2,838,208 drun (3-hourly)
Visibility 1im-baseline 14,5,20,40,60 Honeywell 84 sec
transmissometer 100,140,180, multipoint
Global Kipp (Moll- 2, 215 pPrinting 10 min
radiation =-Gorczyfiski) counter
Radiation Suomi net 2 printing 10 min
balance radiometer counter
Rainfall 0.02 m? gauge 0.4 Honeywell 84 sec
multipoint
S0o Philips 3, 108,208 remote 60 min

Averages of these data over the

period in the right-hand column have
been extracted insofar possible,

Alter screening, they will be published
if of sufficient quality, together with preliminary analyses and addi-
tional information on the instrumentation; the basic analysis of the
humidity data has already been completed (Wessels 1976).

Apart from the runched~tape recording, the wind and temperature
data have also been recorded on strip charts, in part for purposes
of instrument control. Additionally, the Kipp BDS recorder charts

of wind speed were used for the extraction of wind speed maxima over
10-minute periods.

TEMPERATURE AND WIND INSTRUMENTATION.

Preliminary research on radiation errors in ventilated thermo-
metry (Slob 1973) had shown that, if wind speeds are much higher than
the ventilation speed, heat may be transferred between the outer ra-
diation shield and the temperature sensor through internal circulation
among the two concentric shields. Since windtunnel experiments proved
that the resulting errors could easily surpass 0.3 OC, the existing
shield was modified by the addition of a heat-insulating outer cover.
Moreover the rather high ventilation speed of 9 m/s was adopted.,

Purther research on the possibility of wet-buld
perature measurements (Slob 1976) showed that errors
could easily attain several degrees in the case that
been wet and are drying up during a couple of hours.
occur in particular after fog,
low clouds at high mast levels,
period

effects on tem-
of this type
sensors have
These errors

drizzle, showers and the pagsage of
but also to some extent after a
with high relative humidity ()'9Q%). Lesser errors occurred

during a period of high humidity or fog, if the sensors were more or

less equally wet at all levels and the

would not be large anyway: in such cases errors were

The temperature
8T between successive

wet-bulb temperature depression

generally 0,50,

profiles were primarily measured as differences
levels at the SE side, using thermocouples,
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In addition, absolute temperatures T were measured at 200, 80 and

20 m, using a ~ melting ice unit with an estimated accuracy of
0.059, In evaluating thermocouple output it was found that a linear
calibration factor would give systematic deviations up to 0.60 at
various points of the working range, so a parabolic calibration
formula was used, reducing the calibration error to € 0.050 gver

the full working range (+35° to -350). The independence of the systems
for measurement of absolute and relative temperatures was applied for
control purposes through comparison of the arithmetic sum of diffe=-
rences 8 T with the difference of two absolute temperatures. These
"control temperatures" (see tables) were in general £0.050 in dry

weather, testifying to the accuracy of the signal transport and pro-
cessing system.

Wind speed and direction were measured with the same cup anemo-
meter and wind vane as used before at Vlaardingen (Rijkoort et al.
1970). Only at 10 m a different wind vane was used, type KNMI-VIT
(Wieringa 1967). The total accuracy of the wind direction measure-
ments was found to be i4°' among others due to the influence of the
booms and to the difficulty of determining the position of an instru-
ment plug at 8 m distance. The accuracy of the wind speed hinges on
three factors. First, the calibration, servicing and signal condi-
tioning together provide a random error <24, Second, as mentioned
above, interference of the boom with the wind implies a random uncer-
tainty of~5%, to be investigated further. Third, a%t all levels an
overspeeding error is likely (Wieringa 1972). Therefore the absolute
accuracy of the wind measurements is probably of the order of ~1075,
while the relative accuracy in comparison of different heights is
estimated at~5%. The accuracy of gust factors at 10 m (free anemo-
meter position) should be~ 2%, while those measured at 30 and 200 n
might be in error by 5% or more due to boom effects. The wind speed
values < 1,2 m/s are untrustworthy, because the acceptability limit

for anemometer starting speeds in the windtunnel was maintained at
0.6 m/Ba

DATA CONTROL AND CORRECTION.

The chosen registration system, using paper tape punchers with
a rather limited capacity of 76 hours registration, made large inter-
vals between inspection visits impossible. At each visit at least
a routine check of the analog records was carried out. Every week
the paper tape records were processed by computer and submitted
immediately to a routine series of checks, both on digital perfor-
mance and on the content of the recorded data. As a result it was
highly improbable that major measurement errors would remain unno-
ticed for much longer than a week. If an instrument was known to
be defective, or if the boom carrying it was swiveled up for other
purposes, the registration of the corresponding channel was prevented
temporarily through use of a channel-by-channel switchboard van
Gorp 1976). Thie recording feature served its purpose well of barring

from the punched-tape record those entries of which the incorrectness
was known in advance.

After the completion of the record for 1973, the original 2-min
data were screened and corrected for additional calibration and mea-



surement errors; there seems to be little point in listing here all
the various sources of error winich had to be dealt with. Data which
were beyond correction, like 64 hours with glazed frost or rime ob-
structing the sensors, were eliminated entirely from the record.
loreover data columns were marked with an asterisk (%), if some

of the data in that column were doubtful according to pre-set crite-
ria (maybe for instance because of wet-bulb effects), while elimi-
ration was not justified for lack of proof of measurement error.

For temperature these criteria, as given in Table B, are based
on the maximal gradients observed at the mast in dry weather with
an extremely positive or negative radiation balance. The day-night
transition was taken at the average time of sign change in the ra-
diation balance; generally this occurs at a sun elevation of 100 +
19, about 1.7 hr to 1.8 nr away from sunset or sunrise. An objective
method of weeding out the wet-bulb-error in particular would have
been preferable, but for this purpose the routine humidity instru-
mentation at the mast was not sophisticated enough during 1973.
However, next to this extensive investigations on the wet-bulb error
were conducted at 3 m and 215 m (Slob 1976), and a comparison showed
that the simple gradient criteria of Table B were effective enough
for discovering erroneous temperature profiles.

For wind at 80 and 200 m a boom selection procedure was deve-
loped, picking out the %+wo wind vanes which differed least in azi-
muth and selecting the boom which agreed best in direction with
their average azimuth (with provisos for various freak situations).
Finally, for all half-hour reriods which were two-thirds complete
(at least ten 2-min-values available and reliable), averages were
calculated. These are given in the tables which form the remainder
of this report.
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TABLE A: Roughness lengths as derived from gustiness nieasurencnts at
10 m height on the auxiliary mast at Cabauw in 1973.

Wind direction zo (m)
gector sumner winter
350 - 010 (N) 0.21 0,20
020 - 040 0.25 0.18
050 ~ C70 0.33 0,21
080 ~ 100 (E) 0.35 0.15
110 = 130 0.27  0.15
140 - 160 0.19 0,10
170 - 190 (5) N.19  0.10
200 - 220 0.17  0.10
230 - 250 0.07 0.06
260 - 280 (W) 0.08 0.10
290 - 31 0.12  0.11
320 - 340 0.11  0.09

Summer = May - October, winter = MNovenber - April.

Seen from the auxiliary mast, the main 275 ™ mast stands in the
North sector, but in the above table no significant roughness increase
is found for the 350-010 sector. One may perhaps conclude from thnis
that the main mast wake effects are lesg than the influence of the
poplar row along the Zijdeweg (see fig. 3), at least for 300 azimuth
sectors. The relative accuracy of the roughkness length values is esti-
nated at + 20%, with a possibility of a systematic uncertainty factor
of 2 or less.

TABLE B: Temperature gradient criteria per height interval at Cobauw.
IT during a given half-hour-period the gradient has exceeded
these criteria on at least one level during at least two
minutes, the half-hour-period column is marked with an
asterisk,

Height (m) 3oundary value of& T (©oC)
interval Night Summer day Winter day
200~160 -0.55 -0.95 -0.65
160-120 ~0.55 -0.55 -0.65
120- &0 -0.55 -0.95 -0.65
80~ 40 -0.55 -0.95 -0.65
40~ 2C -0.35 -0.95 ~0.65
20- 9 -0.25 -1.45 -0.95
9- 2 -0.25 <£-1.95 or>+0.95 <£-0.95 or> +0.95

Summer = 16 March - 25 Septenber,
Winter = 26 September - 15 March.
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HALF-HOURLY AVIRAGE PROFILES OF TEMPERATURE AND WIND IN 1973,

Times are given in Greenwich lMean Time, with two colums beliow,
e.8+y the time heading 15-16: the left-hand column containing
averages over the period 15.01 - 15,30, and the right-hand column
over the period 15.31 - 16.00. Above the row of time headings
occasionally the date is indicated as day - month - (year - 1900),
e.g. 051273 = 5 December 1973.

In the columns the entry xxx indicates one of the following:

(1) This type of measurement at the indicated height has not been
made regularly during 1973; or:

(2) This measurement has not been recorded at the indicated time,
a temporary interruption having been made because of servicing,
control, malfunction or other technical reasons; or:

(3) The recorded values have been rejected at the screening stage
because of some known measurement error; oxr:

(4) Of this measurement for this half-hour-period less than ten
acceptable two-minute-average values were available, thus no
statistically reliable half-hour-average could be formed.

Legend of tables:
D = wind direction on the selected boom, in degrees North.

F = wind speed on the selected boom, in 0.1 m/s -units.
T = temperature on the SE-boom, in 0,1 OC-units.
Z0 = measured on the SE-boom.

Figures indicate measuring height in meters. Thus, e.g. F120Z0
is the wind speed at 120 m height on the 3Z-boom.
Control temperatures (see page 11 for further comment), in 0.1 OC:

CT200 = -T900 *8T200-160 * & T160-120 +T120-g0 + Tgo.
CT20 = TBO -8 T80-4O -8'1‘40_20 - T20.

During a half-hour period large changes in wind direction nay
occur, and additionally large wind direction shears were observed
regularly. The boom selection (insofar possible and necessary) was
therefore made anew for each two-minute period, separately for each
level, and e.g. a wind speed average of Basterly winds may therefore
coneist of 6 two-minute-averages from the -boom and 9 two-minute-
averages from the 3E-boom at the indicated level.

The occurrence of an asterisk () between the T2- and CT200-
rows indicates that the criteria of Table B have been exceeded at
some level for some time during the indicated half-hour. For further
comment see page 12.
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