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Rié¢ National Laboratory as part of the @resund experiment.
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four small masts and at the Ris¢g mast; by application of current
flux profile relationship estimates of the momentum and sensible
heat flux can be calculated, and 3) profiles of temperature, wet~-
bulb temperature and pressuré by a mini-radiosonde-system (AIR-
SONDE), the sondes were launched from a fishing boat at various
positions in @resund during tracer releases. The report also de~
scribes measurements of Eemperature with a so-called Sprenger-
radiosonde-system. All radiosonde measurements described in this
report were carried out by the Swedish Meteorological and Hydro-
logical Institute. The Sprenger-sondes were launched from the
fishing-boat in between the AIRSONDES. The report contains a
technical description of the instruments that were used and. of
their position and performance during the experiment. Most of

the measurements are illustrated in figures and tables.
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1. INTRODUCTION

The atmospherlc dlspers1on processes and the modlflcatlons in
the wind field across the 20—km wide strait of @resund between
Denmark and Sweden was studied in an experimental campa;gn
called the ¢resund4eiperiment The project was coordinated by
NORDFORSK . The campalgn took place from May 15 to June 14, 1984.
Conditions w1th cold water and warm land surfaces were of speci-
fic interest in the experlment The meteorologlcal observatlonal
network extended over a 80-km w1de cross sectlon through the
fresund. A 1arge proportlon of the meso— and mlcrometeorologlcal
1nstrumentat10n in the Nordlc countrles were used in the exper~
iment. A thorough descrlptlon of the project is glven in Gryning
(1985).

As a part of the ¢ré$undwexpériment Risg National Laboratory
carried out meteorological measurements at a number of masts in
Denmark and performed measurements of turbulence at the mast in
‘,Gladsaxe durlng tracer releases. In cooperatlon with the Swedlsh
Meteorologlcal and Hydrologlcal Instltute Rls¢ performed ‘measure-
ments wmth a mini- sonde system that was operated from a flShlng*
,boat in ¢resund The mlnlwsonde equlpment (AIRSONDE) belonged to
les¢ and was Qperated by personnel from the 8wedlsh Meteorologl~'
cal and Hydrologlcal Instltute. Also a Sprenger radlo~scnde sy»
stem which belonged to the Swedish Defense Weather Service was
operated on the fishing-boat. During the campaign Ris¢ carried
out an intercomparison of the pressure sensors, which were oper-
ated as a"pért of the ¢resund~experiment; This report describes
the measurements in whlch Risg was involved as well as the
measurements with the Sprenger radlamsonde system. For use in
the subsequent technical description Fig. 1 shows some of the
measuring p051t10ns of the ¢resund~sxperiment.



Fig. 1. The geographical location where the meteorological measure-
ments were carried out. The positions refer to 1) Risg, 2) Sjzls-
mark, 3) Avedgre, 4) Gladsaxe, 5) Charlottenlund, 6) Margrethe-
holm, 7) Kastrup Airport, 8) Middelgrunden, 9) Saltholm, 10) Barse-
bdck, 11) Furulund, 12) Maglarp and 13) Borlunda. Some of the

cities in the area are shown.

2. TURBULENCE MEASUREMENTS AT THE GLADSAXE MAST

During releases of the tracer, measurements were carried out of
the turbulent wind fluctuations at the height of release (115 m)
at the mast at Gladsaxe. These measurements were carried out
using an instrument package that consists of a fast responding

light-weight cup-anemometer, a wind vane and a vertical propeller.



The signals (analogue or pulsed) from these instruments were re-
corded continuously on an analogue recorder during the tracer
experiments and were later digitized with a sampling frequency
of 1 Hz. The continuous signals from the instruments are used
for the computation of the fluctuating three-dimensional wind
velocity vector, taking into aceodnt'the appropriate angular re-
sponse functions of the instruments. A detailed description of
the technique is given in Gryning (1981). A short description

of the light-weight instruments is given below.

2.1. Cdp—anemometer

A Risg modelL70 cup-anemometer was used as wind speed sensor. It
is a light-weight, strong instrument with cups made of carbon-
reinforced plastic.'The distance censtant is about 1.5 m and the
starting speed is 0.2 ms~l. The version of the Risg 70 anemometer
used here ‘is a llght chopper type, produc1ng 30 pulses per rota-
tlon. The number of pulses can be counted and converted 1nto wind
speed The cup—anemometer 1s 1nd1v1dually callbrated in order to
obtaln the relatlonshlp to be used to convert the pulse frequency
‘to wind speed ' The callbratlon is glven by u = 0.26 + 0.042 n,
where u is w1nd speed 1n ms ~1 and n the cup-anemometer pulse fre-

quency

Ideally, the angular response of a cup-anemometer is the so-called
cosine response. With this response, the angular velocity will be
independentﬁof the wind veloeity,component parallel to the axis.
The angular respense of the Ris¢ 70’cup~anemometer is, like that
of most similar inStruments, not symmetrical With respect#tb a
horizontal plane. Due to the anemometer shaft and body, the an-
gular response for sub-horizontal wind attack angles departs
measurably from a cosine response; for super-horizontal attack
angles up to ~ 20°, the angular response is approximated‘well~bY~
a cosine function. The angular response of the cupuanemometer
used is shown in Figure 2. Correctlons have been made in the anam
ly51s of the data for the lack of cosine response. The correction
is espec1ally 1mportant for llght w1nds, and strong surface heatw

ing condltlcns.
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Fig. 2. Angular response of the Risg 70 cup-anemometer. Positive
angles indicate that the wind attacks from above. The full line
is the directly measured angular response; the dashed line is

the ideal cosine response (from Busch et al., 1979). The ordinate
shows the angular response, Q(¢)/Q(0), where Q(¢) is the angular
velocity of the cup-anemometer for an angle of attack ¢, and

Q(0) is the angular velocity for horizontal flow of an equal

speed.

A Risg 70 cup-anemometer is accurate to within * 1 per cent of
the actual wind speed reading above 5 m/s, and to * 5 cm/s below
(Busch et al. 1979).

2.2. Wind vane

The horizontal wind direction was sensed using a light-weight
vane, also developed at Ris¢g and described in detail by Larsen
and Busch (1974). In the vane design considerable attention was

paid to the proper response characteristic at relatively high
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Fig. 3. Amplitude transfer function and phase lag for a number
of values of the damping ratio, ¢, (Busch et al., 1979).



frequencies. The vane was designed with minimal weight and fric-
tion; a rough, flat, light—wéight plate made of expanded poly-
styrene was used for vane material. From the,approximatiVe; theo-
retiéal relation between the wind vane deflection and the true
wind direction (Larsen and Busch, 1974), it can be seen that a
wind vane acts as a second-order filter with the transfer func-

tion Hy(w):

w 2 ) w a1
Hy(w) = [1 - (=) - 2icf—=)]™

We We
where we is a characteristic frequency (rad/s), ¢ is the damp-
ing ratio and w frequency (rad/s). The amplitude transfer func-
tion Hy(w) as well as the phase lag for~different—values of ¢
are shown in Figure 3. It can be seen that the beét oQérall
performance of the amplitude transféf'functiOh is obtained for
£ = 0.6. The characteristic frequency we 1s related to a basic
characteristic length scale, Kv, associated with the design
of the wind vane; Ay, is approximately independent of the wind
velocity. This is not the case for wg. Fast response vanes
require that wg be large. This is equivalent to saying that Ay
is small. Thé wihd vane used in this experiment is characterized
by £ = 0.6 and Ay = 1.5 m.

The Risg vane output is two analogue signals proportional to the

cosine and sine of the wind direction. The signals are recorded

on the analog recorder.

2.3. Vertical propeller anemometer

The vertical wind velocity component is measured using a verti-
éally mounted Gill propeller anemometer with four helicoxdwshaped
polystyrene blades. The propeller diameter is 23 cm. A 10 cm shaft
extender was employed to improve the reéponse in the stall region.
For winds along the axis the propeller anemometer in this configur-
ation is reported to have a distance constant of approximately 1 m.
The distance constant for the propeller, Ape is usually measured
by releasing a propeller from rest in a steady wind (wind tunnel)



and obéerving the time necessary for 63% of the change towards
stable rotation to occur. The distance constant is a function of
the angle of attack, y, of the wind vector (the angle between the
wind vector and the propeller axis) and Ap is fairly well approxi-

mated by

hp(y) = XP(O) cosl/ 2y,

1.0 n : I u
\\
S
\
N\
\
\
, \\
0.5 F \
°
G
-~ 0
Lt
[0+
-0.5 F
-1.0 : '
0 30 60

v (deg)

Fig. 4. Steady-state angular response of the Gill—pfopeller.
For 0 < y < 90°, the wind attacks from above; for 90 < y < 180°
the wind attacks from below. The full line is the directly
measured angular response, the dashed liné the ideal cosine
response. The ordinate shows the angular response Q(y)/Q(0),
where Q(y) is the angular velocity of the propeller anemometer
for an angle of attack y, and 2(0) is the angular vélocity for

axial flow of an equal speed.



As a consequence, as y approaches 90° the distance constant be-
comes infinitesimal, and the time constant Kp(y)/w becomes in-
finite. Thus, the frequency response of the propeller anemometer
depends on the instantaneous vertical wind speed and y, so the

response time will always be changing.

Like the cup-anemometer, the angular response of the propeller
anemometer is not ideal. Thus, the output signal is not a simple
}inear function of the vertical velocity component. The steady
state angular response of the propeller anemometer used here was
measured in a wind tunnel and is shown in Figure 4. The response
deviates significantly from the ideal cosine response, it is also
markedly different for downward directed (0 < y < 90°) and up-
ward directed (90 < y < 180°) vertical wind components. The pro-
peller stalls in a region of about * 1° around y = 90°. Measure-—
ments show that the angular response function of the propeller

anemometer is approximately independent of the wind speed.

The Gill anemometer output is a voltage proportional to the an-
gular velocity of the propeller. The calibration for axial flow
reads w = 0.14 + 3.8ev where w is vertical velocity (ms—!) and

v is the output voltage from the propeller.

2.4. Measurements

The turbulence measurements at 115 m height at Gladsaxe were
carried out almost simultaneously with the release of the tracer.
In seven of the tracer experiments, the turbulence measurements
started before the tracer release, and in two others turbulence
measurements began a little (3 and 11 min) after the start of
tracer release. The turbulence measurements were stopped at the
time when tracer release was stopped or later, Table 1. The data
exist in the data bank as time series of one sec averages of wind
speed, wind direction and vertical wind velocity. Table 2-10 lists
10-min averaged values of wind speed, vertical wind velocity and

wind direction, and the standard deviations of these.



Unfortuhatély; ﬁhé"cﬁp—ahemometer'did not function throughout the
last part of the experiment on June 12, and during the entire
experiment onaJune 14. In order to calculate the vertical wind

~ velocity, taking into account the angular responSe function of
the cup anemometer and vertical propeller, the wind speed must
be»knoWn. For the experimgnt'on June 12, the wind speed was as-
sumed to be 5.34 m/s in the period where'the cup-anemometer was
out of function. For the experiment on June 14, the wind speed
was assumed to be 9.9 m/s, the value is taken from the measure-

ments by the:DOPpler acoustic sounder at Gladsaxe.

Table 1. Starting and stopping times for the turbulence meaSure+

ments at Gladsaxe.

Day Start Stop
16 May  9:02 14:34
18 May - 8:00 13:29
22 May S 9:11 12:10
29 May 8:03 12:04
30 May 8:00 12:06

4 June 8:30 12:09
5 June  8:00 12:11
12 June - 8:30 ' 12:50

14 June 19:00 14:14




Table 2. Meteorological measurements of wind speed, direction,
vertical velocity and the standard deviations of these at 115 m

above,ground,from the mast at Gladsaxe May 16, 1984.

time wind speed wind direction vertical velocity

(CET) mean st.dev. mean st.dev. mean st.dev.
from to  (m/s) (m/s) (deg)  (deg) (m/s) (m/s)
09:02-09:10 4.81 0.58 164.3 5.9 -0.20  0.43
09:10-09:20 4.06 0.75 152.3 7.4 -0.07 0.60
09:20-09:30 4.79 0.69 152.4 5.1 -0.17 0.42
09:30-09:40 4.16 0.76 153.1 7.8 0.02 0.61
09:40-09:50 4.03 0.65 154.3 6.2 - =0.37 0.41
09:50-10:00 3.76 0.65 154.8 6.9 -0.24 0.51
10:00-10:10 4.96 0.84  160.1 9.6 -0.14  0.67
10:10-10:20 5.23 0.76 155.2 5.1 -0.14  0.64
10:20-10:30 3.57 0.79 143.9 6.7 0.06 0.50
10:30-10:40 4.14 0.87 146.3 7.1 0.01 0.65
10:40-10:50 4.29 0.85 148.7 8.2 0.17 0.92
10:50-11:00 4.50 0.96  142.6 10.8 0.10 0.85
11:00-11:10 4.67 0.82 142.1 6.6 -0.16 0.79
11:10-11:20 3.80 0.86 125.0 7.9 0.21 0.72
11:20-11:30 4.10 0.86 133.5 9.0 0.19 0.78
11:30-11:40 3.86 0.64 128.3 6.8 -0.10 0.61
11:40-11:50 3.83 0.85 130.7 10.5 0.34 0.78
11:50-12:00 3.43 0.79 130.0 9.9 0.59 0.72
12:00-12:10 3.80 0.58  126.8 7.4 -0.10  0.47
12:10-12:20 3.49 0.63 129.6 10.5 0.02  1.09
12:20-12:30 3.56 0.74 123.7 8.7 0.05  0.78
12:30-12:40 3.94 0.91  123.6 9.1 0.40 1.10
'12:40-12:50 3.97 0.66 122.9 6.6 0.06  0.72
12:50-13:00 3.98 0.75 127.1 7.6 -0.01 0.77
13:00-13:10 3.87 0.91 122.6 9.2 0.13 0.84
13:10-13:20 4.27  0.95 119.5 7.5 -0.39  0.71
13:20-13:30 3.95 0.87 117.4 8.3 -0.40  0.74
13:30-13:40 5.24 1.29 109.6 7.7 -0.36 0.85
13:40-13:50 5.53  1.16 107.4 7.3 -0.48  0.81
13:50-14:00 5.49 1.14 106.5 8.4 -0.20 0.80
14:00-14:10 4.96  1.23 110.2 7.3 -0.36 - 0.74
14:10-14:20 4.62 1.18 109.9 8.2 -0.35 0.72
14:20-14:30 3.83 1.12 115.9 7.9 -0.78 0.71
14:30-14:34 4.66  1.46 110.3 12.8 0.38 0.98
09:02-14:34 4.26 1.05 132.6 18.6 -0.07 0.79
13:30-14:30 4.94 1.33 109.9 8.4 -0.42 0.80




Table 3. Meteorological measurements of wind speed, direction,
vertical velocity and the standard deviations of these at 115 m

above ground from the mast at Gladsaxe May 18, 1984.

gl

time wind speed wind direction vertical velocity
(CET) mean st.dev. mean st.dev. mean st.dev.
from to (m/s) (m/s) (deg) (deg) (m/s) (m/s)

-0.13 1.00
-0.61 0.63
-0.17 0.87
-0.47 0.76
0.16 0.78
-0.44 0.96
-0.12 0.72
-0.32 0.76
-0.08 0.98
-0.08 0.92
-0.32 0.92
0.23 0.97
-0.48 0.85
0.02 0.77
0.19 0.74
0.29 0.86
-0.36 0.77
-0.64 0.89
-0.30 0.92
-0.39 0.93
-0.16 1.00
-0.41 1.05
-0.16 1.19
-0.07 1.21
-0.30 1.20
-0.55 1.27
-0.78 0.78

08:00-08:10 9.20 1.00 231.9
08:10-08:20 9.06 0.69 232.2
08:20-08:30 8.10 1.27 232.7
08:30-08:40 8.51 1.00 225.3
08:40-08:50 7.43 0.86 222.1
08:50-09:00 8.51 0.93 226.9
09:00-09:10 9.00 0.87 230.6
09:10-09:20 8.60 0.87 227.9
09:20-09:30 8.11 0.84 226.0
09:30-09:40 8.14 1.11 222.7
09:40-09:50 8.17 1.09 221.1
09:50-10:00 5.82 0.91 219.7
10:00-10:10 6.94 0.79 212.6
10:10-10:20 7.18 0.77 207.9
10:20-10:30 6.51 1.14 216.6
10:30-10:40 7.29 l.16 217 .4
10:40-10:50 8.32 0.83 .224.6
10:50-11:00 7.69 0.80 228.4
11:00-11:10 7.59 1.10 225.4
11:10-11:20 7.87 1.05 225.0
11:20-11:30 7.61 1.05 217.9
11:30-11:40 7.90 1.06 220.7
11:40-11:50 7.03 1.18 224.1
11:50-12:00 6.68 1.01 215.7
12:00-12:10 6.39 1.39 222.0
12:10-12:20 6.84 1.31 223.4
12:20-12:30 7.23 0.75 218.9

-
e e o e o o e o o o e o e e o o e o o o . * o

NPNOAOHPOWOFNNUUOUNDAMOOODANODD DWW

—
HFOFEFOWOWOWAADANONONVWONDOWURININUAOODODLWOM

12:30-12:40 7.16 1.07 217.6 11. -0.41 0.94
12:40-12:50 6.50 0.96 225.2 10. -0.23 1.00
12:50-13:00 7.07 1.57 223.7 11. -0.04 1.32
13:00-13:10 6.31 1.36 222.4 14.5 -0.24 1.04

13:10-13:20 5.88 0.99 225.9 16.9 0.19 1.00
13:20-13:29 6.99 1.06 211.1 7.5 -0.20 1.11
08:00-13:29 7.50 1.37 222.6 10.3 -0.22 0.99
12:20-13:20 6.69 1.25 222.3 12.5 -0.25 1.07




Table 4. Meteorological measurements of wind speed, direction,
vertical velocity and the standard deviations of these at 115 m
above ground from the mast at Gladsaxe May 22, 1984.

time wind speed wind direction vertical velocity
(CET) mean st.dev. mean st.dev. mean st.dev.
from to (m/s) (m/s) (deqg) (deqg) (m/s) (m/s)
09:11-09:20 10.36 1.86 91.6 7.1 0.57 1.09
09:20-09:30 10.65 1.78 95.8 6.3 0.31 0.98
09:30-09:40 11.25 1.45 92.4 5.8 0.23 1.04
09:40-09:50 10.19 1.27 87.7 7.2 0.25 1.05
09:50-10:00 11.07 1.36 85.7 6.9 0.14 1.02
10:00-10:10 12.03 1.93 82.7 6.9 0.25 1.12
10:10-10:20 11.43 1.69 85.8 6.4 0.41 1.12
10:20-10:30 11.40 1.80 85.1 8.1 0.56 1.20
10:30-10:40 12.15 1.63 86.0 7.7 0.34 1.23
10:40-10:50 12.37 2.17 90.9 7.1 0.52- 1.40
10:50-11:00 13.75 1.89 90.0 6.4 0.41 1.16
11:00-11:10 13.21 1.44 91.7 6.9 0.23 1.26
11:10~-11:20 12.26 1.93 91.8 6.7 0.31 1.32
11:20-11:30 12.50 1.75 .90.1 5.8 0.20 1.06
11:40-11:50 10.19 2.14 91.1 8.2 0.40 1.36
11:50-12:00 10.93 1.99 92.5 8.4 0.30 1.35
12:00-12:10 12.98 1.89 91.2 7.1 0.45 1.32
12:10-12:10 14.79 1.72 89.4 6.2 -0.26 0.96
09:11-12:10 11.68 2.06 89.6 7.8 0.34 1.19
11:00-12:00 11.70 2.10 91.3 7.3 0.28 1.24




Table 5. Meteorological measurements of wind speed, direction,
vertical velocity and the standard deviations of these at 115 m
above ground from the mast at Gladsaxe May 29, 1984.

time wind speed wind direction vertical velocity
(CET) mean st.dev. mean st.dev. mean st.dev.
from to (m/s) (m/s) (deqg) (deg) (m/s) (m/s)
08:03-08:10 9.27 0.83 60.4 3.8 0.29 0.57
08:10-08:20 8.76 1.13 66.8 4.9 0.31 0.65
08:20-08:30 8.36 0.99 75.3 5.6 0.32 0.72
08:30-08:40 7.76 1.04 76.6 6.5 0.24 0.73
08:40-08:50 7.73 0.88 77 .8 6.9 0.14 0.78
08:50-09:00 8.21 1.20 78.0 5.7 0.11 0.68
09:00-09:10 7.59 1.43 79.1 7.2 0.21 0.87
09:10-09:20 6.87 0.93 86.9 7.6 0.04 0.92
09:20-09:30 6.45 0.86 84.3 8.6 0.46 0.99
09:30-09:40 5.54 1.00 81.9 11.4 0.94 1.00
09:40-09:50 7.41 1.26 81.9 7.3 0.49 0.90
09:50-10:00 6.95 1.13 83.3 8.3 0.43 1.04
10:00-10:10 7.87 1.17 83.4 7.6 0.26 0.90
10:10-10:20 7.83 1.12 84.4 8.1 0.19° 1.04
10:20-10:30 6.43 1.25 84.2 10.5 0.77 1.07
10:30-10:40 8.18 1.16 85.2 6.6 0.08 0.75
10:40-10:50 8.11 1.05 85.7 7.0 -0.13 0.83
10:50-11:00 8.12 1.41 90.4 7.4 0.31 - 1.07
11:00-11:10 6.75 1.22 89.2 10.0 0.94 0.99
11:10-11:20 6.68 1.33 91.1 9.3 0.56 1.09
11:20-11:30 8.19 1.10 93.0 7.9 -0.04 1.08
11:30-11:40 8.80 1.17 298.0 7.3 -0.02 0.95
11:40-11:50 8.16 2.00 97.1 2.9 0.22 1.09
11:50-12:00 9.09 1.53 96.3 6.8 0.07 1.11
12:00-12:04 9.60 1.46 96.1 6.9 -0.40 1.11
08:03-12:04 7.73 1.52 84.3 11.5 0.29 0.98
11:00-12:00 7.94 1.70 94.1 9.2 0.29 1.11
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Table~6. Meteorological measurements of wind speed, direction,
vertical velocity and the standard deviations of these at 115 m

above ground from the mast at Gladsaxe May 30, 1984.

time = wind speed wind direction vertical velocity

(CET) mean st.dev. mean st.dev. mean st.dev.
from  to (m/s) (m/s) (degq) (deg) (m/s) (m/s)
08:00-08:10 7,67 1.73 109.9 5.2 -0.31 0.86
08:10-08:20 7.40 1.30 108.5 5.6 -0.27 0.81
08:20-08:30 6.85 1.78  110.2 6.4 -0.22 0.84
08:30e08:40 7.63 1.50 105.6 4.7 -0.21 - 0.86
08:40-08:50 7.15 1.19 94.8 5.9 0.25 0.73
08:50409:00 7.06 1.05 88.5 Lol 0.19 0.75
09:00-09:10 7.71 0.8l 85.9 6.9 0.04 0.80
09:10-09:20 6,77 1.14 89.4 8.0 0.46 1.00
09:20-09:30 7.27 1.20 95.8 6.2 -0.07 0.82
09:30-09:40 6.10 1.55 101.0 8.5 0.04  0.85
09:40-09:50 5.64 1.30 106.9 5.8 ~0.02 0.87
09:50-10:00 5.73 0.88 106.2 4.3 ~0.05 0.60
10:00-10:10 5.27 0.91 108.8 4.3 -0.38 0.48
10:10-10:20 4.26 1.31 + 109.6 8.8 0.24 ‘0.75
10:20-10:30 3.88 0.94 114.8 4.1 ~0.67 - 0.34
10:30-10:40 3.67 0.97 114.8 6.5 -0.32 0.64
10:40-10:50 4.07 0.99 112.3 6.0 -0.41 0.52
10:50-11:00 3.04 0.50 125.9 9.0 -0.08 0.50
11:00-11:10 3.60 0.68  136.0 6.8 0.08 0.68
11:10-11:20 3.28 0.47 130.6 5.8 -0.08 0.39
11:20-11:30 3.13 0.53 129.2 6.1 0.08 0.47
11:30-11:40 3.04 0.63 140.9 8.7 0.15 0.54
11:40-11:50 3.18 0.86 147.7 11.2 0.11 0.50
11:50-12:00 4.26 0.62 155.9 6.8 -0.01 0.56
12:00~-12:06 3.55 0.48 153.2 2.9 0.68 0.42
08:00~12:06 5.27 2.04 114.8 20.3 -0.04 0.74

11:00-12:00 3.41 0.77 140.0 12.3 0.05 0.54




Table 7. Meteorological measurements of wind speed, direction,
vertical velocity and the standard deviations of these at 115 m

above ground from the mast at Gladsaxe June 4, 1984.

time wind speed wind direction vertical velocity
(CET) mean st.dev. mean st.dev. mean st.dev.
from to (m/s) (m/s) (deg) (deg) (m/s) (m/s)
08:30-08:40 10.29 1.51 89.4 7.0 0.14 1.05
08:40-08:50 9.87 1.20 89.8 7.0 0.25 0.91
08:50-02:00 9.29 1.58 88.3 7.7 0.30 1.00
09:00-09:10 9.93 1.35 89.2 6.6 0.33 1.06
09:10-09:20 9.87 1.35 87.5 6.3 0.30 0.98
09:20-09:30 9.84 1.37 87.7 7.3 0.33 1.02
09:30-09:40 10.14 1.58 88.6 6.8 0.45 213
09:40-09:50 11.15 1.36 85.8 6.1 0.26 0.98
09:50-10:00 10.17 1.68 86.9 6.1 0.45 1.14
10:00-10:10 10.49 1.28 87.4 7.1 0.45 1.11
10:10-10:20 10.92 1.60 86.9 6.1 0.36 1.12
10:20-10:30 10.72 1.35 85.2 7.1 0.30 1.15
10:30-10:40 10.94 1.67 87.2 7.3 0.23 1.04
10:40-10:50 10.17 1.49 85.3 7.3 0.71 1.10
10:50-11:00 11.05 1.64 '86.2 7.0 0.16 1.22
11:00-11:10 12.18 1.32 84.2 5.6 0.21 1.10
11:10-11:20 12.11 1.54 85.6 5.7 0.29 1.10
11:20-11:30 12.19 1.33 85.4 6.7 0.47 1.11
11:30-11:40 11.72 1.44 87.8 6.5 0.47 1.06
11:40-11:50 12.18 1.41 88.3 5.4 0.23 0.91
11:50-12:00 11.63 1.49 90.6 5.8 -0.03 0.97
12:00-12:09 10.41 1.56 89.3 8.2 0.57 1.23
08:30-12:09 10.78 1.70 87.4 6.9 0.33 1.08
11:00-12:00 12.00 1.44 87.0 6.3 0.27 1.06
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Table 8. Meteorological measurements of wind speed, direction,
vertical velocity and the standard deviations of these at 115 m

above ground from the mast at Gladsaxe June 5, 1984.

time wind speed . wind direction vertical velocity
(CET) mean st.dev. mean st.dev. mean st.dev.

from to (m/s) (m/s) (deg) (deg) (m/s) (m/s)
08:00-08:10  92.80 1.33 76.7 6.3 0.44 0.88
08:10-08:20 9.91 1.08 79.7 4.9 0.31 0.73
08:20-08:30 8.28 1.09 80.7 7.5 0.41 0.90
08:30-08:40 8.78 1.21 76.5 7.4 0.27 0.87
08:40-08:50 8.79 1.15 75.4 6.1 0.28 0.87
08:50-09:00 9.85 1.36 73.2 6.9 0.25 1.04
09:00-09:10 9.05 1.39 71.2 7.3 0.33 ;. 1.02
09:10-09:20 8.25 1.82 73.1 6.8 0.72 0.99
09:20-09:30  8.61 1.64 74.9 8.3 0.51 1.18
09:30-09:40 9.81 1.40 79.8 7.7 0.43 , 1.10
09:40-09:50 10.94 1.26 78.5 5.2 0.33 0.95
09:50-10:00  10.06 1.25 81.3 5.3 0.28 1.02
- 10:00-10:10  10.35 1.28 82.0 7.4 0.02 1.01
10:10-10:20 9.48 1.58 83.9 9.5 0.69 . 1.29
10:20-10:30 9.23 1.50 -84.3 7.6 0.47 S 1.14
10:30-10:40 9.66 1.62 87.2 8.6 0.65 1.42
10:40-10:50 10.14 1.68 87.3 9.3 0.46 1.35
10:50-11:00 10.23 1.62 88.2 7.3 0.32 1.12
11:00-11:10 10.28 1.59 84.7 6.6 0.24 - 1.10
11:10-11:20 10.72 1.13 85.5 7.2 0.07 1.04
11:20-11:30 10.87 1.29 88.2 6.3 0.09 0.89
11:30-11:40  10.75 1.60 88.7 6.9 0.17 1.08
11:40-11:50 10.95 1.54 89.3 6.8 0.26 1.28
11:50-12:00 11.78 1.27 90.4 5.3 0.13 1.01
12:00-12:10 10.74 1.66 92.7 9.7 0.53 1.09
12:10-12:11 11.24 1.25 20.9 7.2 0.26 1.05
08:00-12:11 9.90 1.69 82.2 9.4 0.35 1.08

11:00-12:00 10.89 1.48 87.8 6.9 0.16 1.08
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Table 9. Meteorological measurements of wind speed, direction,
vertical velocity and the standard deviations of these at 115 m

above ground from the mast at Gladsaxe June 12, 1984.

time wind speed wind direction vertical velocity
(CET) mean st.dev. mean st.dev. mean st.dev.
from to (m/s) (m/s) (deg) (deg) = (m/s)  (m/s)
08:30-08:40 5.25 0.53 256.3 7.6 -0.48 0.79
08:40-08:50 5.76 0.67 243.5 5.6 -0.49 0.73
08:50-09:00 5.07 1.02 239.8 12.2 -0.32 1.06
09:00-09:10 5.17 0.87 245.6 10.4 0.16 0.98
09:10-09:20 6.02 0.52 256.5 5.8 -0.83 0.78
092:20-09:30 6.23 0.67 259.0 6.4 -0.42 0.73
09:30-09:40 4,72 1.28 248.6 9.7 0.08 1.18
09:40-09:50 4.42 0.88 249.7 17.7 0.31 1.06
09:50-10:00 5.34 1.48 259.3 6.8 -0.61 1.03
10:00-10:10 - - 255.4 15.9 0.10 1.18
10:10-10:20 - - 245.7 11.3 -0.21 1.20
10:20-10:30 - - 246 .6 14.6 0.13 0.89
10:30-10:40 - - 266.8 6.6 -0.22 0.77
10:40-10:50 - - 250.6 11.7 0.14 0.96
10:50-11:00 - - '249.1 18.0 0.24 1.18
11:00-11:10 - - 282.7 11.0 0.19 1.01
11:10-11:20 - - 269.5 12.4 0.06 1.19
11:20-11:30 - - 266.2 17.5 0.85 0.95
11:30-11:40 - - 271.0 7.8 0.23 1.11
11:40-11:50 - - 264.3 11.8 0.16 1.15
11:50-12:00 - - 278.6 9.0 -0.16 1.15
12:00-~12:10 - - 262.1 16.0 0.20 ‘1.05
12:10-12:20 - - 270.8 8.6 -0.10 0.97
12:20-12:30 - - 268.5 13.3 -0.28 1.12
12:30-12:40 - - 260.8 12.9 -0.10 1.29
12:40-12:50 - - 256.4 13.9 -0.64 1.48
12:50-12:50 - - 249.9 6.0 -0.56 0.98
08:30-12:50 - - 258.6 16.1 -0.08 - 1.11

11:45-12:45 = - 267.7 13.6 -0.02 1.14



Table 10. Meteorological measurements of wind speed, direction,
vertical velocity and the standard deviations of these at 115 m

above ground from the mast at Gladsaxe June 14, 1984.

time wind speed wind dlrectlon’ vertical vé16dity

(CET)  mean st.dev. mean = st.dev. mean st.dev.
from to  (m/s) (m/s) (deg) (deg) (m/s) (m/s)
09:00-09:10 - - 323.0 10.2 0.08 0.79
09:10-09:20 - - 324.3 10.6 0i36 0 °1.00
09:20-09:30 - - 319.7 10.6 0.40 0.98
09:30-09:40 - - 329.0 10.2 0.11 " 1.03
09:40-09:50 - - 317.4 9.8 -0.43 0.77
09:50-10:00 - = 315.7 . 9.3 ~0.04  0.86
10:00-10:10 - - 321.8 12.3 -0.10 0.91
lO 10 10 20 - = 319.7 12.9 0.27  1.08

: - - 301.6 6.5 0.30 0.91
- - 329.6 16.4 1.04  1.11
o - 309.4 10.3 -0.20  0.98
:5 - - -303.8 12.1  -0.19 1.10
11:00-11:10 - - 302.3 16.5 0.03 0.83
11:10-11:20 - - 317.0 5.6 -0.40 0.82
11:30-11:40 - - 306. 55 9.6 0.17 0.96
11:40-11:50 - - 1295.5 4.8  -0.38 0.62
11:50-12:00 - - 291.0 9.8 -0.18  0.80
12:00-12:10 - - 296.8 8.6 0.13  1.10
12:10-12:20 - - 298.5 9.5 0.07 1.13
12:20-12:30 - - 298.1 7.9 -0.09 0.81
12:30-12:40 - - 296.0 4.9 -0.54  0.68
12:40-12:50 - - 290.9 6.5 -0.08 0.80
12:50~-13:00 - - 285.6 5.5 ~-0.26 0.73
13:00-13:10 - - 285.0 5.9 0.01 0.83
13:10-13:20 - - 292.3 7.8 -0.,09 0.86
13:20-13:30 - - 293.2 5.8 ~0.25 0.88
13:30-13:40 - - 298.8 4.8 -0.18 0.91
13:40-13:50 - - 287.6 10.3  0.45  1.29
13:50-14:00 - - 292.1 7.9 -0.18 1.03
14:00-14:10 - - 287.3 9.0 0.12 1.13
14:10~14:14 - - 291.0 3.9 -0.54 0.72
09:00~14:14 - - 304.3 16.6 0.00 0.99
13:00~14:00 - - 291.5 8.5 -0.,04 1.01




3. PROFILE MEASUREMENTS AT MASTS

3.1. Small masts

Measurements of wind speed and direction, temperature and tem-—
perature difference were carried out at Avedgre, Margretheholm,
Saltholm and Sjzlsmark. Humidity and pressure were measured at
Avedgre, Saltholm and Sjalsmark. The instrumental set-up differs
from mast to mast; however, the same types of instruments were
employed at all of the masts. The measurements were taken every

5 min, except for the masts at Risg, where the measurements were
taken every 10 min. Wind direction, temperature, temperature dif-
ference, humidity and pressure are instantaneous values at the
time of scanning. The wind speed was averaged over the five- or

ten-minute sampling period.

3.1.1. Instruments

Wind speed was measured with a cup-anemometer identical to the
Risg model 70 type described in Chapter 2, except that it outputs
two electric pulses per rotation of the cups. The pulses are
counted and the numbers are converted to wind speed. All of the

cup-anemometers are calibrated individually.

Wind direction was measured by a wind vane (Aanderaa Instruments,
wind direction sensor 2750). It consists of a light wind vane
turning on a vertical pivot. The vane is coupled magnetically to
an accompanying device inside the housing. The accompanying device
is clamped when the direction is read. In order to damp the vane
movements the space between the pivot and the surrounding shaft

is filled with silicone 0il. The oil damping permits the vane to
line up at even very light wind, but effectively damps the in-

fluence of rapid fluctuations in the wind direction.

The temperature énd temperature differences were measured by
platinum-resistance thermometers fitted inside a radiation screen
(Aanderaa Instruments, air temperature sensor 1289 and radiation
screen 4011). The radiation screen, being ventilated solely by
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the wind, protects the temperature probe effectively from the in-
coming and outgoing radiation. Measurements of temperatures, in
which the probes were shielded by various types of screens, have
been carried out at Ris@g. The screen used here turned out to be
equally good as the ventilated screens at moderate and high wind

speeds (say more than 1-2 ms~!).

A Stevenson screen was placed at some of the masts. Inside the
screen measurements of temperature, humidity and pressure were
carried out. The temperature sensors were of the type described
above. Pressure was measured by a sensitive aneroid barometer
(Yellow Spring Instruments, Sostman model 2014 barometric press-
ure transducer). The long-term accuracy of the instrument is

*0.4 mb. In order to improve the short-term accuracy of the
measurements, allowing for the determination of the pressure gra-
dient in the area, all instruments measuring pressure at fixed
positions as a part of this experiment, were intercompared (see

chapter 5 for details).

Humidity was measured by a hair hygrometer (Lambrecht, Pr No.
800). Each humidity sensor waé calibrated, using an Assmann
psychrometer as reference. This was done by measuring the humidity
each time the mast was serviced. After a number of maintenance
visits the relevant humidity range was covered, enabling us to
construct the regression line between air humidity measured by a
hair hygrometer and Assmann psychrometer. Thﬁs, each hair hygro-
meter was individually calibrated at the measuring position.

The registration was carried out by a datalogger (Aanderaa DL-1);
it contains a mechanical scanner that reads the contents of the
channels every five min. Each reading of all the channels takes

less than one min. The results are stored on magnetic tape.

3.1.2. Avedgre
The meteorological mast at Avedgre is situated on a 4-m high em-

bankment looking directly to the sea. The embankment runs 90-270°.
The measurements at the lowest part of the mast are likely to be
influenced by the embankment, but the upper measurements will be
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outside the influenced zone. The influence will vary as function
of the wind direction, being smallest at northerly and largest at
southerly winds. Figure 5 shows the mast. Instrumentation and

position are given in Table 11.

Measurements at the mast were carried out continuously in the
period May 15 to June 11 at 00:55. Data from the remaining part
of the measuring period lack due to technical problems with the

datalogging system.

Table 11. Instrumentation and position of the mast at Aveddgre.

sensor height above mast base (m)

wind wind di- tempera- temperature pressure humidity
speed rection ture difference
3.53 2.04 -~ 7.57- 2.04 1* 1*
4.97 14.26- 7.57
7.97 7.97 . 19.09-14.26
11.95 30.88-19.09
14.66
19.49
24.32
31.58 31.58 30.88

Position UTM-33 E 339580 m N 6165180 m

Base of mast is 4 m above mean sea level.

* Stevenson screen.
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Fig. 5. Sketch and geographical orientation of the Avedgre mast.



3.1.3. saltholm (east) V |
The meteo;ology,mast at Saltholm operated by Risg is situated at

the eastern part of Saltholm about 10 m from the coast line. The

position was chosen such that the measurements reflect the over-

water condition over Presund at easterly winds.

Saltholm. ( (

Fig. 6. Surroundings and geographical orientation of the Saltholm

mast.



The surrounding area consists of grassland. The grass around the
mast was kept short in the experimental period. In order to keep‘
an abundance of cattle - which are at pasture on Saltholm during
the summer - away from the mast, a fence 1% m in height was put
around it, see Fig. 6. Figure 7 shows the mast. Instrumentation

and position of the mast are given in Table 12.

The measurements were carried out continuously throughout the

entire experimental period.
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Fig. 7. sketch of the Saltholm mast.
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Table 12. Instrumentation and position of the mast at Saltholm.

Sensor height above mast base (m)

wind wind di- tempera- temperature pressure humidity
speed rection ture difference

3.0 3.0 2.0 9.0 - 2.0 2% 2%
10.0 10.0 9.0
Position UTM-33 E 360330 m N 6170560 m

Base of mast is 1 m above mean sea level.

* Stevenson screen.

3.1.4. Sjzlsmark
The meteorology mast at Sjzlsmark was situated in a military

training area on a flat plateau on top of a small hill in a
generally undulating terrain. The area is covered with grass,
but with large parts lacking vegetation due to excessive terrain
driving of military equipment. The mast is situated 8 km west

of the @resund coast. Figure 8 shows a sketch of the mast. In-

strumentation and position are given in Table 13.

Measurements were carried out continuously throughout the exper-

imental period.

Table 13. Instrumentation and position of the mast at Sjzlsmark.

Sensor height above mast base (m)

wind wind di- tempera- temperature pressure humidity
speed rection ture difference
3.0 3.0 10.0-3.0 2% 2%
10.0 10.0 10.0
Position UTM-33 E 338670 m N 6195650 m

Base of mast is 30 m above mean sea level

*Stevenson screen.
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Fig. 8. Sketch and geographical orientation of the Sjelsmark mast.
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3.1.5. Margretheholm
The meteorological mast at Margretheholm is situated in a mixed

industrial and office area. One or two storage buildings lie to
the west, south and east about 50 m from the mast. To the north
the fetch is ﬁnabstructed for about 500 m, looking over a harbour
mainly used for small sailing boats. Figure 9 shows the mast; its
instrumentation and position are given in Table 14. The mast was

in continuous operation throughout the experimental period.

Table 14. Instrumentation and position of the mast at Margrethe-
holm.

Sensor height above mast base (m)

wind wind di- temperature temperature
speed rection : difference
2.0 38.8 - 2.0
38.9 38.9 - 38.8
Position UTM-33 E 350020 m N 6173980 m

Base of mast is 3 m above mean sea level.
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3.2. The Risg Mast

The 117-m mast is situated at the Risg Peninsula, Fig. 10. At the
western tip of the peninsula the coast forms a rather steep slope
which rises to about 10 m above mean sea level. The western half

of the peninsula is gently rolling land with the meteorological
tower erected on a 6-m hill. East of the mast is a meadow, bordered

to the south by a road with 10-m high trees along the road.

The measurements that were carried out at the Ris¢g mast (Fig. 11),

differ somewhat from the measurements at the small masts. The
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Fig. 10. Surroundings and location of the meteorological masts
at Risg; A) indicates the position of the 117-m mast, and B) the
position of the 33-m mast.






reason is that some of the facilities lacking at the small masts
are available at the Ris¢g mast, the most important being access
to electrical power. Table 15 gives the measuring levels of the

instrumentation. Wind speed is measured with Risg model 70

Table 15. Instrumentation and position of the Risg mast.

Sensor helght above mast base (m)

wind wind di- Wind direc- temperature
speed rection‘ tion,variance’
| | b 2.0

11.0 11.0 11.0 | 11.0
210 . i , S ~ 27.0
43.0 43.0 43.0 ,

76.0 76.0 76.0 e
117.0 117.0 117.0

Stevenson screen 2 m above ground: temperature and

pressure.
Precipitation: pluviograph with weekly chart

Radiation measurements: net radiation, global radia-
‘tion and direct-beam short-wave radiation.

Position of mast: UTM-33 E 317070 m N 6176090 m

Base of mast is 6 m above mean sea level

cup-anemometers. The wind dlrectlon is measured with llght-welght
wind vanes similar to the one used at the Gladsaxe mast. From the
wind vane s1gnals the lateral standard deviation of the wind di=~
rection fluctuations are computed Temperature and temperature
difference are measured by quartz thermometers shielded in ven-
tllated screens.,These 1nstruments are mounted 1-4 m from the
lattice of the tower on booms directed to the southwest All
measurements are averaged over 10 mln. A Stevenson screen is
located close to the tower, in this measurements of temperature,
wet-bulb temperature and pressure are carrled out All measure~



ments from the mast are recorded consecutively as 10-min aver-

ages. However, the measurements at Risg are displaced 5 min rela-
tive to what was agreed upon for the @resund-experiment. This time
shift could not be changed because the mast acts as a climatologi-

cal station and consequently must retain its characteristics.

Direct-beam short-wave radiation was measured using a Eppley pyr-
heliometer (mod. NIP) and the global radiation using an Eppley
pyranometer (mod. PSP). Both instruments are temperature compen-—
sated. They were mounted on the roof of a 15-m high building,
200 m southwest of the Risg mast with an almost unobscured hori-
zon. As judged from the night-time values of shortwave radiation,
the pyrheliometer and pyranometer have a bias of -0.7 Wm~2 and
+6.7 Wm—2, respectively. The net radiation was determined with a
Middleton (CSIRO) net pyrradiometer (mod. CN2), 1 m above long
grass vegetation. The characteristics of the three instruments

are summarized in Table 16.

Table 16. Characteristics of radiation measurements

resolution accuracy¥ response time%*
Wm—2 % sec.
pyrheliometer 2.3 - -
pyranometer 2.1 1 1
net pyrradiometer 1.4 - ’ 920

*according to manufacturer's specifications.

The radiation instruments have been compared earlier with refer-
ence instruments as a general check on their performance. The
measurements at Risg were carried out without interruption

throughout the experimental period.

The terrain within 1 km of the 117-m mast is rather inhomogeneous
due to the varying patterns of land and water surfaces, and the
Ris@ peninsula itself comprises a complex mixture of buildings
and trees. Consequently, the lower measurement levels of the mast

are strongly influenced by these inhomogeneities. Therefore, we
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have included the measurements of another mast at Risg, situated
in a less obstructed landscape. The small meteorological mast

(33 m) is situated 1100 m SSE of the Ris@ mast, and is the refer-
ence mast of the Test Station for Windmills. The distance to the
water is 200 m in a westerly direction, and the elevation of the
mast is 8.5 m above sea level. The ground surface around the mast
consists of corn fields. The exposure is generally good, though
for northerly and southerly winds the mast will be in the wake of
the windmills, and from N to NE there are some one-storeyed build-

ings at a distance of about 200 m.

The instrumentation and data acquisition system is similar to that
of the small masts described in paragraph 3.1.1, whereas the scan-
ning times are synchronous with the Risg mast. The averaging time

is thus 10 min.

The mast was in continuous operation throughout the experimental
period. Fig. 12 shows a sketch of the mast, and the instrumenta-

tion and position are given in Table 17.

Table 17. Instrumentation and position of the small

mast at Risg.

Sensor height above mast base (m)

wind wind temperature temperature
speed direction difference
3.0 3.0 2.0 9.0 - 2.0
10.0 10.0 32.0 - 9.0
20.0

33.0 33.0 32.0

Position UTM-33 E 317620 m N 6175140 m

Base of mast is 8.5 m above mean sea level.




RIS@ small mast.

Sketch of the 33-m mast at Risg.

12.

Fig.
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4. PROFILE MEASUREMENTS BY MINI RADIOSONDES

During tracer releases so-called mini-sondes were launched from
a fishing boat at various positions in @resund. The mini-sondes
used were of two types, one system (AIRSONDE) belongs to Risg
National Laboratory, and the other one of type A. Sprenger is
owned by the Swedish Defence Weather Service. Both systems were
operated by Kjell Ericson from the Swedish Meteorological and

Hydrological Institute.

4.1. The AIRSONDE system

This mini-sonde system consists of a sensor package (mini-sonde)
transmitting data to a ground station every six sec. The system
used here is the AIRSONDETM Model AS-1A which is manufactured

by Atmospheric Instrumentation Research Incorporated, Boulder,
USA. The sensors and electronics in the mini-sonde are contained
in a styrofoam package that has the form of a helicord propeller,
Fig. 13. The total mass of a mini-sonde is 130 g. As the mini-
sonde rises, its spinning aspirates two bead thermistors mounted
in radiation shields at the tips of the propeller. One of these

9V BATTERY

ELECTRONIC
MODULE

RADIATION
SHIELD

N
-

DRY BULB
THERMISTOR

WET BULB \

THERMISTOR ANTENNA

Fig. 13. Schematic showing of an AIRSONDE.



is covered with a wick wetted by water that is contained in a
small reservoir, and the two form a psychrometer. The bead ther-
mistors are epoxy-coated and each of them is mounted in its own
radiation shield. The shield, a tube of molded styrofoam, has

a small thermal capacity and is a good thermal insulator. The
dry bulb thermistor has a time constant of 10 seconds in still
air and 3-5 seconds with the rotational aspiration that occurs
at nominal ascent rates (2-4 m/sec). The wet bulb response time
is believed to be about three times that of the dry bulb.

Pressure is sensed by a variable capacitance aneroid cell. It
consists of a square ceramic substrate with the aneroid capsule
bonded symmetrically to both sides. The ceramic substrate has

a metalized area that forms one plate while the capsule forms
the other plate of the sensing capacitor. Each aneroid cell is
calibrated individually by the manufacturer. The calibration
yields a curve of pressure versus capacitance that can be fitfed
adequately by a second-order polynominal. The calibration coeffi-
cients are supplied with each mini-sonde. These are read into a
computer at the ground station prior to launching of the mini-—
sonde. This technique gives pressure readings with a characteri-
stic absolute accuracy of = 3 mb from 1000 to 300 mb, without
performing baseline corrections. The system specifications are

given in Table 18.

The mini-sonde was flown with a 30-g Helium filled balloon. The
"weight-off mass" was about 170 g which gave the mini-sonde an
ascent velociﬁy of about 2 m/s. The "weight-off mass" is the
total mass, including the inflation device, that is suspended on
the balloon during inflation. Helium was added until the balloon

and filling device were neutrally buoyant.

The ground station acts as a receiver for the 403.500 MHz radio
signal from the mini-sonde. It basically consists of a UHF-
receiver and a microprocessor. Prior to launching of the mini—
sonde, seven calibration coefficients are read into the micro-
processor. In the ground station the incoming analogue telemetry
signal is converted into a digital signal which is calibrated

by the microprocessor. Several possibilities exist to store the
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digital data. Here, the data were converted into a serial fre-
guency-shift-keyed tone that were recorded on a standard cassette
recordér. In the laboratory the data are played back into the |
ground station where théy are converted into digital data that
are transmitted to a Hewlett-Packard 85 computer for further

analysis.

Table 18. System specifications. for the sensors in the mini-

sonde accordlng to the manufacturer.

Parameter Sensor Range Precision  Resolution
AIRSONDE
Dry bulb bead -70 to 50°cC + 0.5°C 0.1°c
temperature thermistor :
Wet bulb bead -70 to 50°C  * 0.5°C 0.10C
temperature thermistor '
Pressure aneroid 1050~300 mb + 3 mb 0.1 mb

B _capacitance ‘

I+

Sprenger-sonde  thermistor =20 to 20°C 10c* 0.2°C

(linear)

*Tncluding uncertainties in the reading of the temperature and the
height determination.

4.2. The Sprenger system

The Sprenger system consists of a temperature sonde, a radio re-

ceiver, antenna and a recorder, manufactured by Albin Sprenger KG,
St. Andreasberg, West Germany. This rather old-fashioned equipment
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uses a sonde with a thermistor without any radiation shield.
Battery and radio transmitter are contained in a styrofoam box
and the total mass is 80 g. It was flown with a 30-g helium-

filled balloon and an ascent velocity of 2 m/s was aimed at.

The receiver transforms the FM (150-155 Hz) radio signal to tem-
perature and displays this on a chart recorder. The temperature
profile is plotted as a function of time and the height must be
deduced from the elapsed time after launch of the sonde. Con-
sequently, we must assume that the ascent velocity is known (from
how bouyant the balloon is) and constant during each sounding.
Neither of these assumptions are strictly fulfilled, but to ap-

proximate this we used the following procedure.

1. Sprenger sondes were always launched alternately with
the AIRSONDES (except on May 29).

2. Above the boundary layer over the sea (usually below
1000 m) we assume that the temperature has not changed
significantly (less than the accuracy of the two devices)
dur{ng the time elapsed between the two AIRSONDE launches

(two hours at most).

Practically, we determine a height where the tempeatures from
all three sondes coincide. This height divided by the elapsed
time then gives the approximate ascent velocity of the balloon
and a temperature versus height profile can be derived. Table 18
summarizes the estimated system performance taking into account

the evaluation procedure.

4.3. Analyses of AIRSONDE data

Based on the measurements of temperature, wet-bulb temperature
and pressure, the height of the mini-sonde above the sea level

and some derived parameters were calculated.

When the wet-bulb is not frozen, we have with good approxima-

tion:
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7.5 T

eg = 6.1078+10 237-34T

)

where eg; (mb) is the saturation vapour pressure over water at tem-
perature T (°C). If we substitute the wet-bulb temperature, T',
the saturation vapour pressure at the wet-bulb temperature, =
(mb), is obtained. The actual vapour pressure in the air, e,

is given by

e = eq, - 0.00066(1+0.00115 T')p (T-T')

where p is ambient pressure (mb). Knowing e, an approximation
for the dew-point temperature, Tg4 (°c), is given by

237.3 log (e/6.1078)
Tq =

7.5 - log (e/6.1078)

When the wet-bulb is frozen, which typically happens at -5 to
-10°C, the above formulas are no longer valid. Denoting the
temperature of the frozen wet-bulb by Ti, then the sublimation
vapor pressure over ice, egj (mb) at that temperature is given
by

1
9.321 Ty

| 261.24+T;
egi = 6.1078+10

the vapour pressure, e, is then approximately given as

e = eg; - 0.00066(1+0.00115 T;)p(T-T;).

Then we can derive the dew-point (frost-point) temperature, Tp, i
(°C) when the wet-bulb is frozen as

e
261.24 log (—)
6.1078
Tp,i =
e
9.321 - log (——)
: 6.1078

Knowing e, the mixing ratio w is given as
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0.622 e
p-e

irrespective of whether the wet-bulb is frozen or not. The virtual

temperature, T*(°K), can be calculated from

(273.15+T)(1+1.609 w)
T* =

(1+w)

The height, AH (m), between a level with pressure p; and virtual
temperature TI, and a level with pressure p, and virtual tem-

perature T; is given by the hypsometric equation

P1
AH = 14.636(T] + T5)ln (—)

P2

from which the height of the minisonde above the sea level can

be determined. The dry potential temperature, 6, is given as

1000 o.286
8 = (T+273.15) (—)

p

where 6, T and p are in units of K, °C and mb, respectively.

4.4, Characteristics of the mini-sonde launches

Experiment on May 16

During this tracer experiment five AIRSONDES were launched. Fi-
gure 14 and Table 19 give times and positions for the launches,
in addition to other parameters describing the measurements. The
soundings are illustrated in Fig. 15. The sounding at 10:58 has
not been analysed because the cassette recorder was not activated

until 5 min after launching.



10 km

Fig. 14. Positions where AIRSONDES were launched during the exper-

iment on 16 May. The numbers indicate the order of the launchings.

Table 19. Characteristic parameters for the AIRSONDE launches' on

May 16.

UTM-coordinates

pressure at

max.

pressure at
launch‘ of launch pos. sea surface height max. height
time (m) (mb) (m) (mb)
9:55 E359900 N6182290 996 2012 - 780
10:58 E359050 N6182650 - - -
12:23 E358070 N6183910 1000 2954 697
13:28 E357240 N6184600 996 16398 443
14:43 E356990 N6183750 1005 4424 584
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The numbering of the figures indicates the order of the launchings
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Experiment on May 18

During this tracer experiment three AIRSONDES were launched.
Figure 16 and Table 20 give times and positions for the launches,
in addition to other parameters that describe the measurements.

The soundings are illustrated in Fig. 17.

Table 20. Characteristic parameters for the AIRSONDE launches on
May 18.

UTM-coordinates pressure at max. pressure at
launch of launch pos. sea surface height max. height
time (m) (mb) (m) (mb)

9:23 E353860 N6177680 1004 7211 394
11:02 E358710 N6184490 1006 6814 417
12:33 E358710 E6184490 1006 7023 405

— 10 km
—
N

Fig. 16. Positions where AIRSONDES were launched during the exper-

iment on 18 May. The numbers indicate the order of the launchings.
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Experiment on May 22

No mini-sondes were launched. This was due to the high wind speed

that characterized this experiment, and which excluded handling

of mini-sondes on a fishing boat.

Experiment on May 29

During this tracer experiment two AIRSONDES and two Sprenger-

sondes were launched.

that describe the measurements. The soundings are illustrated

in Fig. 19.

Figure 18 and Table 21 give times and
positions for the launches in addition to other parameters

|

10 km

Fig. 18. Positions where AIRSONDES and Sprenger-sondes were

launched during the experiment on 29 May. The numbers indicate

the order of the launchings.




- 52 -

500 ,
1)

~
-

400

300 |

200

- -
- e ™y T o o P D oy o,

-

100 -

o o o o o — e}
— Tt T St

o
L

500 ey
3)

—

4)

HEIGHT (meters)

400

300 +

200 +

-
T - G G T s 0 D WD o g w0

100 L

I

-~

0 5 10 15 200 5
TEMPERATURE (°C)

Fig. 19. Temperaturé profiles measured by AIRSONDES and Sprenger-
sondes launched duriﬁg the experiment on 29 May. The temperature
~is indicated by the solid line; the dew-point temperature is shown
by a coarse dashed line; and' the“p"otentni,al temperature by a fine
dashed line. The riumbering of the figuré‘s indicates the order of

the launchings.



- 53 -

Table 21. Characteristic parameters for the mini-sonde launches

on May 29.

UTM-coordinates pressure at max. pressure at
launch of launch pos. sea surface height max. height
time (m) (mb) (m) (mb)

9:10 E359810 N6182400 1006 2145 778

2:30 E359730 N6182550 Sprenger-sonde 2200 -
10:23 E357200 N6185600 Sprenger-sonde 1400 -
10:55 E357050 N6184550 1006 3569 651

Experiment on May 30

During this tracer experiment two AIRSONDES and two Sprenger-
sondes were launched. Figure 20 and Table 22 give times and
positions for the launches in addition to other parameters that
describe the measurements. The soundings are illustrated in
Fig. 21.

Table 22. Characteristic parameters for the mini-sonde launches

on May 30.

UTM-coordinates pressure at max. pressure at
launch of launch pos. sea surface height max. height
time (m) (mb) (m) (mb)

9:00 E356990 N6183780 1010 7081 409
10:09 E362350 N6181050 Sprenger-sonde 1800 -
11:00 E358470 N6184500 1005 6213 457

11:25 E358550 N6183450 Sprenger—sonde 2200 -
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Fig. 20. Positions where AIRSONDES and Sprenger-sondes were
launched during the experiment on 30 May. The numbers indicate
the order of the launchings.
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Fig. 21. Temperature profiles measured by AIRSONDES and Sprenger-
sondes launched during the experiment on 30 May. The temperature
is indicated by the solid line; the dew-point temperature is shown
by a coarse dashed line, and the potential temperature by a fine
dashed line. The numbering of the figures indicates the order of

the launchings.



- 56 -

Experiment on June 4

Two AIRSONDES,and two Sprenger-sondes were launched. Figure 22
and Table 23 give times and positions for the launches. However,
the lowest 90 m of ﬁhe profile is missing in the first launch due
to improper operation of the cassette recorder. The pressure,
temperature and wet-bulb temperature at the‘sea‘surface were
available from the notes of the operator‘of the sonde system,
these values were used as the basis of the profile calculation.
The soundings are illustrated in Fig.

. e
® o0
= 21

10 km

Fig. 22. Positions where AIRSONDES and Sprengar~sdndes‘WQre
launched during the experiment on 4 June. The numbers lndicatef

the order of the launchings.
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Table 23. Characteristic parameters for the mini-sonde launches

on June 4.

UTM-coordinates pressure at max. pressure at

launch of launch pos. sea surface  height max. height

time (m) (mb)  (m)  (mb)
8:12 E362360 N6181350 1006 4890 554
9:16 E360300 N6181500 Sprenger-sonde 1800 -
10:38 E358380 N6183090 1007 1889 , 804

11:12 E353500 N6181900 Sprenger-sonde 200 -

Experiment on June 5

Three AIRSONDES and two Sprenger-sondes were launched. No data
exist from the first AIRSONDE because the casette recorder was
not in record mode during theiflight. The next AIRSONDE worked
satiSfactorily.rThe third AiRSONDE was followed up to a height
~of about 800 m, then the;radié'ccntact was lost. When the data
transmission was reestablished, the sonde had reached a height

of about 1500 m. At a height of 2000 m the radio contact was lost
again, and no attempts to restart the system were carried out. At
sea level, prior to launch, the third AIRSONDE indicated é press-
ure of 951 mb which obviously is too low. In the analysis of this
sounding 40 mb were added to the measured values of the pressure.
Figure 24 and Téble 24 give times and positions for the launchings
in addition to other parameters that describe the measurements.
The soundings are illustrated in Fig. 25.

Table 24. Characteristic parameters for the mini-sonde launches
on June 5. i B R

: UTMﬂcmékdihates  pressure at max. pressure at
launch of launch pos.  sea surface  height max. height
time  (m) o _(mb) (m) ~ (mb)

8:06 - - - ; -
9:02 E363300 N6181530 Sprenger-sonde 1500 -
9:29 E363260 N6182280 991 3574 639
10:35 E353550 N6177630 Sprenger-sonde 1300 -

12:02 E353650 N6177760 951 2013 738
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Fig. 24. Positions where AIRSONDES and Sprenger-sondes were

launched during the experiment on 5 June. The numbers indicate
the order of the launchings.
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Experiment on June 12

Four AIRSONDES were launched during this experiment. When the
data from the third AIRSONDE were analysed, 13 mb were added to
the measured values of the pressure, to be in accordance with the
other sea level pressures measured on that day. Figuré 26 and
Table 25 give times and positions for the launchings in addition

to the other parameters describing the measurements. The soundings
are illustrated in Fig. 27.

10 km

Fig. 26. Positions where AIRSONDES were launched during the exper-
iment on 12 June. The numbers indicate the order of
the launchings.
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Table 25. Characteristic parameters for the AIRSONDE launches on
June 12.

UTM-coordinates pressure at max. pressure at
launch of launch pos. sea surface height max. height
time (m) (mb) (m) (mb)

8:30 E364890 N6181780 1017 8070 353
9:40 E361860 N6182040 1017 5105 534
10:30 E361140 N6182940 1005 8682 311
11:50 E361050 N6181530 1023 ' 4504 581

Experiment on June 14

Four AIRSONDES were launched during this experiment. At the first
launch, data are missing at the lowest 10 mb. Figure 28 and Table
26 give times and positions for the launchings in addition to
other parameters describing the measurements. The soundings are
illustrated in Fig. 29.

Table 26. Characteristic parameters for the AIRSONDE launches on
June 14.

UTM-coordinates pressure at max. pressure at
launch of launch pos. sea surface height max. height
time (m) (mb) (m) (mb)

9:52 E364720 N6181090 9299 4954 536
11:07 E364420 N6179730 1004 7470 382
12:30 E363510 N6177640 1008 4351 585

13:42 E353800 N6177420 1003 5833 477
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Positions where AIRSONDES were launched during the exper-

iment on 14 June. The numbers indicate the order of the launchings.
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5. INTERCOMPARISON OF PRESSURE MEASUREMENTS

The instruments used to measure pressure on a routine basis at
the various locations usually have an absolute long-term accuracy
of 0.4 mb. In order to improve the short-term accuracy, all the
instruments were calibrated against precision aneroid barometers
(Precision Aneroid Barometer MK2, Type No. M 2236, range 900-1050
mb, make Negritta and Zambra). These barometers were calibrated

at least every six months.

At the Danish masts (Sjzlsmark, Avedgre, Saltholm east) thé cali-
bration was a part of the maintenance procedure for the masts.
Each time the magnetic tape on the datalogger was replaced, the
pressure at the proper height was measuréd'with a precision ane-
roid barometer. After a sufficient (more than 3) number of pré4
cision measurements in connection with tape changes were made, a
regression line was conStructed between the number representing
préSsure from the data acquisition system, and the simultaneously
measured pressure by the precision barometér. The regression
equation was later used'to calculate the‘pressure from all
measurements. This procedure was used at the masts at Sjmismark,
Avedgre and Saltholm east.

The intercomparison of the pressure sensors at the masts in
Sweden, that is at Borlunda, Furulund, Barsebdck and Maglarp,
was done on a specific day. On June 15, 1984 M. Frederiksen
visited these four positions and measured the pressure with two
precision barometers. The differences between the routine measure-
ments and the ones made by the precision barometer were always of
the order of a few tenths of a millibar. The differences were

later accounted for in the data.



6. METAR OBSERVATIONS AT KASTRUP AIRPORT

The code name METAR designates an aviation routine weather report.
Among other things, the METAR reports contain information about
wind speed and direction, air- and dewpoint temperature, amount,
types and heights of cloud layers as well as pressure. All the
METAR reports that were produced at Kastrup Airport during the
experimental period were kept for this experiment. METAR observa-
tions are routinely collected every 30 minutes. The wind speed
and direction in the METAR from Kastrup Airport are measured at
10-m height about 100 m west of the @resund coastline. Figure 30
gives an example of METAR observations from Kastrup Airport. The
translation from code to meteorology is given in Fig. 31, taken
from AIR (1985).
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EKCH | 1620{090 119 | {9999 1bn (040]slaci{100] | 120l fio 1008
IERCH | 1650]090 Ji4 9999 1cu | 040|5|ac|080] | 19| ho |1005
lexce | 1720100 j4 CAVOK J | 119] no | 1005

Fig. 30. ’Example of METAR observations from Kastrup Airport 5 June 1984.



22 15JUL77 METEOROLOGY ﬂppesen
RTG BROADCASTS WILL BE IN THE FOLLOWING CODE WHICH MAS BEEN ADOPTED FOR INTERNATIONAL USE: METAR-AVIATION ROUTINE
CONTENTS WEATHER REPORT
METAR | GGgg | CCCC | ddd ff/fmfm | YVVV [R VRVRVRVR/DRDR | w'w'[NsCChshshs| CAYOK | (T'T' / T4Ty) | (PPHPHPH) | SPECI-AVIATION SELECTED SPECIAL
SPEC! | GGgg | CCCC | ddd ##/fmim | VVVV | R VRVRVRVR /DRDR | w'w’[NsCC hshshs | CAVOK . WEATHER REPORT
o
- € a s 5
2 2 =2 55 fs 22 . < H o e |2 a The code name METAR designates an aviation routine weather
3 2 e § 2l g s § K = = g _E 2 LS -§ o ‘E report. METAR shall appeer os o prefix to Endividulul reports,
H 2 s 23 g s B s | s=ls = g v S E o f i fod
3 o § %58 3 £ s S 2 =legls o® i) e2 3 |c§ cie but in case of a collective of such reports, it shall appear in
< 5 |5 £33 (5555 ool 3 = 2 0ke 355 ¢ 383 |83 28 | the heading of the collective onl
£ 3 |== |2]325 |2 528 % s 2 35]|S 3l TEe z 3 8% §3§ - et The groups enclosed in brackets are included in the report
] 5 [25 [2|83c |5 a5 il 3 5 §Z|8Z%(3 |3|322 3 £ § |85 c a5 in accordonce with regional air navigation agreements.
§§ s |2y |e gig 2 gg o £ 3 s s|8slZ.|3lo2. s 5.2 |E32 . ¢ a = The code name SPECI designates an aviction selected spe-
. 5 3 s—el|28d s S8 X ? 2 <= | E 2l20)ale 2 H g2 |z8=% 2 s 7 cial weather report. When o deterioration of one weather
S 3< T 535 & E"! 3 el 2 < 2 Salzlze0 Sk= 'it"—'.' a2 r element is accompanied by an improvement in onother
2 532 p ;:: 5|48 5 i A 3 _é . = g HE R __g 5 85|08 t5 T alg element (for example, lowering of clouds and an improvement
3 E'E g 280 g 5‘2 H $ ° EE 5 E i_; ‘.,;T <8 6 10-5_: 3 5 §,T;f~ 55-;;_5-1 (Z’ -; .Z° in visibility), o single SPECI report shall be issued.
w'w' - Significant W eather. To decode, find the FIRST code figure in left column. Decode will appear in box *
under the SECOND code figure. Example: w'w! 73 = Snow. CONTENTS OF TREND —TYPE LANDING FORECASTS
SECOND CODE FIGURE TITTT GGgg HR | ddd ff/fmfm | VVVV w'w' |Ns CC hshshs
[} 1 2 4 S 3 7 [} 9 T & =
SA o 5 s £ e v = ~ >
Fu Hz Hz PO o8 R T £ § 8 =
ol --—- gt i A Dust Dust [sandstorm, Pl S et SE 88 |t §8 % § s s |z]|22
Smoke haze haze |rising dusf| Dust devil o <2 13¢2¢ 3 (3 1z _
or sand 2 R B e B B O 0
MIFG MIFG TS FC iR 2 w2 |5[33e |252528 83 B | T
1] R | shallow | shallow | === | === | === | ——— |thunder-| (32 | Funnet | 35 £ % H 2% |28%« §30f 82 12 i=l|s= 52
Mist fog fo storm Squall cloud 3 2nE 2, s S04 i ) ‘§ S ie ; L H il 2|153% < e
REDZ | RERA RESN | RERASN | REFZRA | RESH | RESNSH | REGR REBT1 2 5@ 205 2 2 |3z ad (2S5 g T s9l2|25 2z
2| Recent | Recent | Recem | Recent | Recent | geceny | Recent | pecent —_— Recent| [ & 0S T S szclele g 1Esentel S le ST aa
& by rain and | freezing sSnow e thunder- | ¢ * « & o o isv 2 S| H3eE |5 TEE B s T
drizzle rain snow rain showers | showers|  hail storms 2400« g2 25 ot Vi g $o |58 E.-_gé zz % E H i Do
b3 o v 4 £ © 2 = = = -0 o X o ?
SA SA SA XXSA | XXSA | XXSA e 2e g 52 £5D 9 28 tTs5|5%% 2x 3 H v 2Ug
Duststorm,| Duststorm,| Duststorm,| Heevy | Heavy | Heavy O:fv'f ‘t:i" ;Ls:« mmN Godzw 53553 Ceol323E |28t a2 |<a|O0 2503
w d: i d d d x o lowing owing | 3 rrend - Y v Ty
3 an an an drifting | driftin rend - Type forecasis are appended to METAR or SPECI reports. The code word CAVOK shall replace the groups VVVV, w'w' and
3 "::‘E.i‘és' ":‘:‘g.:‘;" ";':'3.::" or or 2, anowii | anaws bt L N; CC hy hy hy if conditions are expected to reach those explained below, The code word NOSIG is used to indicale no significant
w BCFG BCFG FZFG FZFG shasgeiloine rand:
= B Fog Lind i £ e fo G | Freezing | Freezing [TCAVOK - Coting od vt ok
o patches atches Fog Fog Fog °og Fog Fog Fog Fog eiling isibility okay
o = o e = XXDZ Xx0z | Fapz | X022 T wa__| he code word CAVOK shall replace the groups VVVV, RVR VR VR VR/DRDR, w'w' and Ns CC hshshs, whenever
als Drizzle Drizzle Driezle Drizzle Heavy Heavy |Freezing !r::xing Raln Roin the following conditions occur simultaneously.
s drizzle drizzle | drizzle | 'drizzle (a) Visibility: 10 km or more; (b) Cloud: no cloud below 5000 feet (1500 meters); (c) Weather: no precipitation and
i RA RA RA RA :‘(;(:Q ::(:VAY F,F.Ze':'i:g X":(:.ZRA Rﬂ?:l Xﬁz:éyN no thunderstorm.
Rain Rain Rain Rain P prirhd Tain | freeting | and  rein EXAMPLE FOR A METAR MESSAGE
o o e N XXSN- | XXSN SG PE METAR 0500 VECC 05025/37 0500 R0400/19L RMMO150/01R 64XXRA 2CU004 5CU006 8CBOO8 24/23 1017
7} snow Snow Snow | Snow | Heawy | Heewy | === | Snaw | 77 |ice pellets MOD TURB RAPID 19010 CAVOK
SRRA ROUTINE REPORT. Time: 0500 GMT. Calcutta. Wind: 50°,25 knots, maximum 37 knots. Visibility: 500 meters.
RASH XXSH xxsH | RASN | gy | shsm | XXSN | o = R | RVR 400 meters runway 19L. RVR below 150 meters runway O1R. Weather: heavy rain. Cloud: 2 oktas
8] Showers | Heavy | Heavy |Showers | showars | Snow | HMeaw | (F L 1 (R | (B | cumulus at 400, 5 oktas cumulus at 600", 8 oktas cumulonimbus at 800" Temperature: 24°C. Dew point:
showers | showers | °frain | of rain | showers | Snow ol 23°C. QNH: 1017 mb.Moderate turbulence.Rapid change to: wind 190°, 10 knots. Ceiling and visibility okay.
and snow | and snow showers
o A Ter T TSGR | XxTs TSSA | XXTSGR EXAMPLE FOR A SPECI MESSAGE
RA GR . |Thunder-| Heavy | Thunder. | Heawy I7coeciog40 EDDM 25018 9999 21RERA 55CO15 8AS090.
9] Heavy Rai Heavy i Heavy | Thunder- | " 007l o inder- |Storm with thunder-
hail ain rain Hal hail storm | SPTt| Cstorm dus'séorm storm | SPECIAL REPORT.Time: 0040 GMT. Location: Munich, Wind: 250°, 18 knots. Visibility: 10 km or more, Weather:
or sndstrm| with hail | gecent rain. Cloud: 5 oktas Stratocumulus at 1500 ft, 8 oktas Altostratus at 9000 ft.
gode | Ns-Amount of cloud layer Code | CC - Genus of clovd | Code | Cloud Heiaht - REPORTS ON AERODROME PAVEMENT CONDITION
°0 NEIIEE] 8 room 2 Sfere oz During winter periods, METAR messages for Earopean airporfs may be suffixed by a 6-figure code group defining fhe
e (approx.) | current runway status. For decoding refer to MET page 24.
1 T okta or less, but  1/10 or less, but Cirrus c
€l 1000 | <30 <100 [NoOtEs: ] 1
not zero not zero Cirrocumulus CC | 001 30 100 NOTES: 1, (a) If RVR is observed over one runway, or over two or more runways simultaneously and there
oktas /10 - 3/10 Cirrostratus C 002 60 200 are no significant differences in RVR between runways,the valuewill be reported as R VRVRVRVR, the element/
3 3 oktas 4/ 3 Al AC | 003 90 300 DRDR omitted.
4 4 oktas 5/ 4 Altostratus AS | 004 120 400 (b) If RVR is observed over two or more runways simultaneously and there are significant differences in RVR
5 5 oktas 6/ 5 Nimb NS | o005 150" 500 between runways, the value for each runway will be reported in element D RDR. Parallel runways are indicated
6 6 oktas 7/10-8/10 Stratocumulus C | 006 180 600 by appending letter L, C or R (left, center, right) to the DRDR element.
7 7 oktas or more, 6/10 or more, but 7 Stratus _T etc. etc. etc, (c) When RVR is greater than maximum value which can be measured by the system, the group is reported as RP
but not 8 oktas not 10/10 8 | Cumulus CU | 099 | 2970 9900 | VRVRVRVR in which VRVRVRVR isthe highest measureable value, ie. RP 2000 indicates RVR above 2000 meters.
8 8 oktas 10/10 Cumulonimbus _ |CB | 100 | 3000 10000 (d) When RVR is below the minimum value which can be measured by the system, the group is reported as RMM
9 Sky obscured, or cloud amount cannot Cloud not visible 110 | 3300 11000 VRVRVRVR in which VRVRVRVR is the lowest measurable value i.e. RMMindicates RVR below 150 meters.
be estimated ?WInq to darkness, ‘30 3 6:.)2 12 0?0 This form is limited to RVR values below 200 meters.
og, duststorm, olcy hpos NOTE: For additional RVR info see MET page 14,
25 andstacimas H 2900128700 lz; 990 | 2. "Recent' applies if the phenomenom was observed during the hour preceding the time of observation.
other analogous A
phenomena Note: Code is direct reading | 3« When sky is obscured (Ns = 9),cloud group will be 9//hshshs, where hshshs is vertical visibility, When cloud
in units of 30M (100'). base is below station level, the group will read NsCC///.

SUPPLIED BY JEPPESEN

Fig. 31. Translation of the code used in METAR.
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