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On the Meteorological Tower and Its Observational
System at Tsukuba Science City
by
Tatsuo Hanafusa*, Tokunosuke Fujitani¥*,

Noboru Banno** and Hiroshi Uozu**

Abstract

In order to investigate the structure of the planetary
boundary layer and the interaction between the planetary boundary
layer and larger scale of meteorological phenomena, the construc-
tion of a meteorological research tower has been planned.

The observational site is a part of Kanto plain and about 20km
south from the nearest foothills of the Mt. Tsukuba whose height
is 876 m above the sea level and about 10 km west from the Lake
Kasumigaura and so that the planetary boundary layer will be
largely unaffected topographycally.

The centered area near the tower within a radius 150 m is
covered with short lawn and the outside area is unarranged ground
with pine forests in places whose height are about 10 m at most.

The Meteorological Research Institute's main building of
about 40 m height is about 300 m north east of the tower and then,
in the case of northeasterly wind direction, some error caused by
this building may occur.

The tower is a guyed open lattice design 213 m tall. The
structure is galvanized steel with the three legs spaced 4 m apart
as illustrated in Fig. 3.1 in this paper. 1In the center of the
tower a three men elevator with maximum carring capacity of 250 kg

can go up and down by a man or automatically from 10 m to the 200m

% Physical Meteorology Research Division

%% Meteorological Satellite Research Division
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level of the tower as well as ladder.

At six levels (10, 25, 50, 100, 150 and 200 m) there are a
landing and three booms at angle of 120 each other to which
instruments will be attached. The boom's length is 6 m from the
edge of the tower and its length was determined by the experi-
mental results in wind tunnel as shown in this paper. 1In the case
of repairing or adjustment of the instruments, we can slide only
the stand by hand as shown in Fig. 3.4 in this paper. In addition
to these six levels, there are many landings for the temporary
observations every 15 m height. ,

A sub-tower whose height is 25 m with four legs spaced 2 m
apart has been constructed about 300 m north part from the main
tower in order to investigate the surface boundary layer special-
ly. 1Its tower has a movable carriage for loading instruments,
which can go up and down, and stop at every 1 m height during a
request duration.

The instruments of the tower are devided two groups according
to the instrument's response, one group is to measure the mean
profiles of the meteorological elements, the other, to measure the
fluctuations of meteorological elements and tabulated in Table 1.
(a) The slow response instrumentation

The specifications of the slow response instrumentation are
shown in Table 2. One of the three anemometer's sensor at each
level, which is considered to be less influenced by the shadow of
the tower, can be selected by the signal of the wind direction by
the anemometer at the top of the tower. The sensors for the
measurement of air temperature and humidity are put in together a
same radiation screen ventilated at about 7 m/sec and there are
two sensors at same level to check the tower effects.

(b) The high response instrumentation

The specifications of the high response instrumentation are

shown in Table 3 and the characteristics of the each instrument

are described as below briefly.

—3 -
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(i) Three dimensional sonic anemometer-thermometer

The new developed one has the following four main benefits
comparing with a traditional one:

(1) "One head" system has no mechanism zero shift and the simple
shape has few shadow effect on wind field.

(2) For the measurement of wind speed, there is no effect of
atmospheric conditions such as air temperature, humidity and
atmospheric pressure. _

(3) The calculation of the sonic pulse time difference is carried
out digitally and then the accuracy is elevated still more.

(4) In order to check the attitude of the probe all the time,
there is a clinometer in the pre-amplifier box beneath the
probe. '

One of the three sonic anemometer's sensors at each level can
be seleéted by the signal of the wind direction obtained by the
two dimensional sonic anemometer at the top of the tower.

(ii) Thermocouple psychrometer ’

The copper-constantan thermocouple psychrometer whose dia-
meter is 80 mum is used to measure humidity fluctuations and water
from a water tank on the each floor is supplied automatically ‘at
every constant time interval (20 min - 12 hours). The transistor
thermometer is sealded in. the "sensor unit for the measurement of
a temperature of cold point.

Data acquisition systems are also divideéd two groups accord-
ing to the instruments' response as mentioned just before.

(a) The data acquisition system for slow response instrumentation

The all signals from slow response instruments are recorded
on the magnetic tapes and printed out on the chart digitally at -
every one hour as well as the analog chart monitally. - The block -
diagram of the observational system and data acquisition system is
shown in Fig. 4.22.

(b) - The data acquisition system for high response instrumentation

In the study of atmospheric turbulence in the planetafy

— 4 —
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boundary layer, the main three properties such as means, standard
deviations of meteorological elements and covariance between them
are at least necessary. These quantities can be easily evaluated
by the hybrid analog data acquisition system.

The input. signals from the sensors are pre—prucessed by the
component analog computing circuit with a low pass filter whose
cut off frequency is 0.0073 Hz (= correspond to about'60 sec
moving average) in the output side. Then the 31gnals are sampled
by slow speed scanner at the sampllng rate of one or two t1mes per
minute per channel and recorded on the magnetlc tapes by dlgltal
form and finally'integretedhby a computer.

The analog computing unit are listed in Table 4 and the
block diagram of the observational system for high response in-
struments is shown in Fig 4’23 The method to estimate the
statistical quantltles of atmospherlc turbulence by us1ng same
kind of analog unit is discussed in details in this paper.

.Some test experiments of using this system were carried out
in various meteoroiugicaibconditiOns. The full papers on each
experiment will be publlshed in near future and then the only
prellmlnary results on some ‘topics descrlbed below are dlscussed
brlefly in this paper.

(i) Time variations of meteorological parameters during out-

break of the surface inversion V
(ii) The height dependency of the sensible heat flux
(iii;‘The t1me variation of momentum flux | o »

(iv) Spectral scale of vert1ca1 veloc1ty
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Table 1. Instrumentation and measurement height
Height Item Instrumentation Remarks
Mean wind direction | Aerovane type anemometer
and speed (FF-3R)
Aerovane type anemometer
(MV-110) *1
213 m Mean air temperature Pt resistance ther-
mometer
Mean humidity Capacitance hygrometer
Wind fluctuation Two dimensional sonic
anemometer (DA-200) *1
Mean wind direction Aerovane type anemometer
and speed (MV-110) *2
Mean air temperature Pt resistance ther-
monmeter *3
AN . *
200 m Mean humidity Capacitance hygrometer | 3
Wind and temperature Three dimensional sonic
fluctuations anemometer thermometer
(DAT-300) *2
Dry and wet bulb Copper-constantan ther-— '
temperature fluctua- mocouple psychrometer
tions
150 Same as 200 m height
100 "
50 1"
25 "
10 A\

*1 : The wind direction signal can be used to select one of three

same type anemometer's sensors at the other heights.

*2 : Three sensors at one level.

*3 .

Two sensors at one level.



Table 2. Specifications of "slow response" instrumentation
Measuring Sensor Registrati Remarks
Properties egilstration
Wind speed | Aerovane Type Anemometer Range of measurement: Measuring height:

0.4 ~ 10m/s FF-3R : 213 m
and MV-110 & FF-3R 0.4 ~ 25m/s} (MV-110) MV-110: 213, 200,
Direction Response distance: 0.4 ~ 60m/s 150, 100,
4,0m(MV-110 50, 25, 10
6 OmEFF_3R)) ‘ 2.0 ~ 35m/s s S0 SO M
) 2.0 ~ 70m/s  (FF-3R) One of three sensors
. . 2.0 ~90m/s at same level can be
Starting speed: , selected by the signal
0.4m/s (MV-110) |Working accuracy: . . .
of wind direction of
2.0m/s (FF-3R) 0.3m/s ( <1Om/.~3)(MV 110 h
3y ( >10m/s) - ) the anemometer at the
; top of the tower.
0.5m/s ( <10m/s)
5% ( >10m/s)(FF_3R)
Chart speed: 30mm/h, 3600mm/h
Adr 100 Qresistance thermometer |Range of measurement: Measuring height:
in radiation screen venti- -20°C ~40°C
Temperature | lated at 7m/s Working accuracy: +0.3°C 213, 200, 150, 100,
Response time: about 120sec|Chart speed: 15mm/h, 30mm/h,60mm/h |50, 25, 10 m
Relative Humicup sensor in radiation|Range of measurement: 0 -100 % Two sensors at same
Humidity screen ventilated at 7m/s level except 213 m

(together with a resistance
thermometer)

Working accuracy: ¥3 %
Chart speed: 15mm/h, 30mm/h, 60mm/h
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Table 3.

Specifications of "high response'" instrumentation

Measuring
Properties

Sensors

Registration

Remarks

Wind direction
& Speed

Two dimensional
-'sonic anemometer

Three dimensional

sonic anemometer

Range of measurement:

- 1: 0~*10m/s, . 2: 0~%20m/s

3: 0~%*30m/s

Working accuracy: *1 %
- Resolution: 0.5 cm/s

Output: 0~*1V full scale
Operating temp.: :

 Main unit: -10~40°C

Probe & junction: -20.~50°C
Range of measurement:

Horiz. - Vertical --
1 0~15m/s 0 ~t1m/s
2 0~*10m/s 0 ~%+2m/s
3 0~%*25m/s . O~%5m/s
4 0~*50m/s 0~%10m/s

Other registration is same
as the two dimensional one

Air Temperature

- Sonic thermometer

Range of measurement:

-10 ~ 40°C
Fluctuation *5°C
Working accuracy: 1 %
Resolution: 0.025°C

Measuring height: 213 m
Two dimensional one is
used to select the one of
three 3 dimensional sonic
ones at same level as well

‘as to measure wind speed
and wind direction at the

top of the tower.
Measuringvﬁeight: 200,
150, 100, 50, 25, 10 m.

Three sensors at same
level.

Dry and‘wet bulb’

Temperature

Thermoéouple

"'psychrometer

Measuring mode: 80um
copper-constantan thermo-
couple without:a radiation
screen and-ventilation

Water supply: 20min. ~12h

Capacity of a tank: 4 ¢

Operating temp.: -10~40°C

Measﬁring height:
200, 150, 100, 50, 25, 10 m,

SHYHENHEY
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Table 4. Specifications of analog computing units

Unit name

Function

Specifications

Mean meter

to obtain a mean wvalue

It is the active low pass filter whose cutoff
frequency is 0.0073 Hz. - The output signal from

this unit is correspond to the 60 sec moving average
to input signal.

Sigma meter

to obtain a covariance

deviation

The fluctuations in the frequency range from
0.0073 Hz to 10 Hz are squared and then the output
s1gnals are filtered by the active low pass filter
whose cutoff frequency is 0.0073 Hz. '

Flux meter

to obtain a covariance
between two variables

Two signals in the frequency range from 0.0073 Hz
to 10 Hz are multiplied instantaneously and then
the output signals are filtered by the active low
pass filter whose cutoff frequency is 0.0073 Hz.

Vector
synthesizer

to obtain scalar wind -

speed and direction

Two horizontal signals are synthesized after being
modulated by sine and cosine waves

SHYHHLGEY
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