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During August 1980 the Alpine Expe-
riment DISKUS (Dischmatal-Klima-
Untersuchung) took place in a region
between Davos and St. Moritz in
Switzerland. The main purpose of
DISKUS was the investigation of the
valley wind circulation of the Disch-
matal. One of the subprograms was to
investigate the influence of the com-
plex topography on the structure of
the convection and the turbulent ener-
gy fluxes over the experimental area.
For this subprogram measurements
were made, using three instrumented
powered gliders (ASK-16) of the In-
stitut fiir Physik der Atmosphire of
the DFVLR (Deutsche Forschungs-
und Versuchsanstalt fiir Luft- und
Raumfahrt).

Flight patterns: As the topography of the
DISK US-area is very nonhomogeneous,
two different flight patterns were chosen.
Flight pattern I, called “ridge-crossing”,
consisted of simultaneous flights of the
three powered gliders normal to four
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the energy balance station Diirrboden.

quasiparallel ridges with three valleys in
between (Sertigtal, Dischmatal, Fliiela-
tal). The traverses were performed in 2.5

Date: 10 August 1980 Standarddeviation |Correlationcoefficient Mean Flux

Time: 10.45 - 11.10 GMT w q ¢} q/w o/w aq/o E H

Mean height: 2300 m MSL | m/s g/kg K ; W/m2 W/m2
1427A.R0O5 Middle 0.49 0.087 0.040 Q.00 001" $0.36 -0.3 0.5
1510A.ROS5 NE-Slope 1.06 0.275 0.108 0.56 0.20 0.41 407.7 20.1
1427A.RO6 Middle 0.70 0.098 0.025 0.05 -0.11 -0.36 G =158
1510A.RO6 SW-Slope 1.01 0.285 0.083 0.52 0.53 0.62 408.9 44.1
1427A.RO7 Middle 0.66 0.112 0.044 =0.12 ~=0:23  ~0.42 =22, =62
1510A.RO7 NE-Slope 1.02 0.204 0.116 0.36 0.26 0.49 186.4 28.0
1427A.RO8 Middle 0.75 0.106 0.032 021 =0:0). -0u18 41.2 =-0.2
1510A.RO8 SW-Slope 1.16 0.188 0.096 0.51 0.38 0.35 279.0 38.4
1427A.R0O5-ROB Middle 3.0 . =1.8
1510A.RO5-RO8 Slopes 320.5 32.7
Diirrboden Energy balance surface (11.00-11.30 GMT, 2000 m MSL) 346.3 162.8

Tab. 1: Statistics of the flights of pattern I1. The location of the station Diirrboden,
where the surface energy balance has been measured, is marked in Fig. 1.

Fig. 1: Sketch of the DISKUS-area with the two flight patterns and the location of

km horizontal separation and about 200
m above the ridges and 900 to 1200 m
above the valley bottoms. The crossing
times of the ridges and of the middles of
the valleys were marked in the records of
the flights.

Flight pattern II, called “valley up
and down?’, consisted of simultaneous
flights of two powered gliders up and
down the Dischmavalley about 500 m to
200 m above the valley bottom, one glid-
er flying above the middle of the valley,
the other one as near as possible (20-30
m) to one of the slopes at the same alti-
tude. A schematic view of the
DISKUS-area is given in Fig. 1. Also
shown there are the tracks of the two
flight patterns.

Instrumentation: The powered gliders
are instrumented with a temperature
sensor (Pt 100, reverse flow probe),
two independent humidity sensors
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(Lyman-alpha, Vaisala Humicap), sen-
sors for static and dynamic pressure, ver-
tical velocity and the other relevant air-
plane parameters as heading etc., in total
16 channels, which were sampled with a
10 Hz rate on magnetic tape. The mean
airspeed of the gliders was 35-37 m/s
during the measurements.

Processing of the data: The basic steps
in processing of the data including cali-
bration are done by the DFVLR in
Oberpfaffenhofen. The scientific pro-
cessing and interpretation of the raw da-
tais in progress at the Meteorological In-
stitute of the University of Bonn. For this
part of the work there are some uncer-
tainties concerning the methods used,
which will be explained in the followmg

To eliminate a mean trend in the re-
cords and taking into account the height
variations of the flight paths, a linear re-
gression was performed between static
pressure and humidity and potential
temperature respectively. For further
calculation only humidity- and tempera-
ture-deviations from this regression were
used.

As the emphasis of the investigation is
on convective processes, the records
have been band-pass-filtered digitally,
so that only frequencies between 2 Hz
and 0.02 Hz remained in the data; these
cut-off frequencies correspond approxi-
mately to 18 m and 1800 m respectively.
The remaining range was defined as the
“convective scale”. The response times
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Fzg 24: Synoptlc SltuatIOIl of 9 Aug 198
KUS-area is marked thus @.
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1510R ROS RO6 RO7 RO8 ROS RO6 RO7 RO8 RO5-RO8 | RO5-RO8
Indicator W W W w q q q q w q
E ot w/m? 628 727 303 533 665 718 664 585 548 583
E b W/m? 282 252 120 147 § 263 254 82 139 200 185
2
66 75
Hoor W/m 44 83 55 80 63 85 63 89
2
o 15
Honv W/m 9 31 16 22 2 29 1# 20 19
61 65
Eoar % 58 60 60 67 60 60 73 67
5 5 67 77
LI 3 75 59 66 67 105 60 76 68
36 35
Area_ ., % 37 34 37 35 37 34 37 32
LT m/s 1.22 .22 - T8 127 .74 .68 .54 .72
W m/s -.53  -.59 -.52 ~.61 -.23  -~.31 -.15 -.26
Guer  97k9 .158 .167  .080  .108 .285 L2933 .201 .208
Qany - 9/k9 -.100 -.091 =-.060 ~-.049 -.173 -.158 =-.136 =-.094
Bix K .013 .045 .028  .039 .050 .047 L061 .028
A K -.023 -.028 -.026 -.030 -.045 -.030 -.045 -.021

Tab. 2: Conditional sampling statistics of the runs 5 to § of flight 1510A along the
slopes of the valley. Index «act»: convectively active regions; index «env»: environ-

mental regions.

of the sensors and the response of the
gliders to air motions are well within this
frequency range (e.g. Milford et al.,
1979).

The main problem for the interpreta-
tion is the determination of the velocity
of the air relative to the ground. As the
gliders are not equipped with inertial
platforms nor with sensors which can
measure the vertical windspeed relative
to the glider or the angle of attack, an
aerodynamic approach must be used to

| calculate the components of the air mo-

tion relative to the ground. No attempt
was made to determine the horizontal
component of the wind. The vertical
wind component was calculated using
an algorithm after Duncan (1952), which
was first used for meteorological pur-
poses by Bunker (1955). More recently
Fortak (1980) used this approach for si-
milar data sets. The inputs for this meth-
od are the vertical velocity of the air-
plane, the vertical acceleration, the pitch
angle, the true air speed and several air-
craft parameters such as lift coefficient,
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o g, Standarddeviation {Correlationcoefficient Mean Flux
é% w q ] q/w o/w a/ly E > H .
9 m/s g/kg K W/m” W/m
1310A.RO1 55 | 0.46 0.147 0.041 0.26 0.10 -0.37 42
ROZ2 | 235 | 0.54 “©%153 0.055 0.28 0.19 =0.32 53
RO3 | 55 | 0.80 0.184 0.045 0.13  0.03 -0.59 47
RO4 | 235 | 0.79 ©0.203 0.070 0.22 0.20 =-0.18 84 11
RO5 55 0.73 0.143 0.046 0.19 0.25 =0.37 57 8
RO6 [235 | 0.75 ©0.177 0.055 0.18 -0.10 =-0.45 57 -4
RO7 55 0.82 0.209 0.056 0.22 0.08 -0.45 95 4
RO8 | 235 | 0.47 0.201 0.046 0.12 -0.13- -0.59 31 -3
1426A.RO1 55 | 0.85 0.146 0.067 0.23 =0.10/' -=0,36 74 -6
RO2 235 | 0.83 0.144 0.064 0.40 0.19 0.32 120 10
RO3 | 55 | 0.93 0.142 0.048 0.1 0.16 =-0.03 35 7
RO4 {235 | 0.79 ©0.166 0.050 0.18  0.01 -0.37 58 1
RO5 | 55 | 0.77 0.172 0.058 0.12 -0.05 -0.40 38 -2
RO6 |235 | 0.89 0.125 0.051 0.35 0.02 =-0.17 96 1
RO7 | 55 | 0.83 0.154 0.041 0.17 -0.07 -0.44 55 -3
RO8 [235 | 0.30 0.220 0.063 0.26 =0.18 =-0.46 126 -10
1508A.RO1 55 | 0.70 0.114 0.053 0.28 -0.20 -0.20 56 -7
RO2 |235 | 0.75 0.089 0.048 0.13 0.04 -0.04 21
RO3 | 55 | 0.70 0.147 0.052 0.06 -0.11 =-0.28 15 -4
RO4 |235 | 0.67 0.139 0.055 0.13  0.07 -0.22 36 . %
RO5 55 | 0.79 0.167 0.058 0.24 0.09 -0.24 77 4
RO6 |235 | 0.75 0.134 0.054 0.17 0.07 -0.17 41 3
RO7 | 55 | 0.82 0.138 0.057 0.27 0.00 =0.15 77 =0
RO8 1235 | 0.62 0.113 0.065 0.0 0.05  0.20 14 2
1311B.ROY | 55 | 0.67 0©0.253 0.052 0.14 0.03 =-0.61 60 1
R10 | 235 0.78 0.233 0.071 0.18 -0.16 -1.67 101 -9
R11 55 | 0.74 0.276 0.041 0.27 -0.13 -0.39 139 -4
R12 }235 0.86 0.336 0.065 0.13 -0.02 -0.52 96 -1
1427B.RO9 | 55 1.01 0.193 0.042 0.31 =-0.08 -0.12 152 -4
R10 {235 | 0.83 0.216 0.053 0.20 -0.01 =0.33 88 . =1
R11 55 | 0.96 0.212 7.055 0.25 ©0.12 -0.38 126 6
R12 | 235 | 0.84 0.312 0.053 0.36 -0.16 =-0.66 238 -7
1510B.RO9 55 0.92 ©0.119 0.058 0.43 0.21 -0.08 118 12
R10 | 235 0.85 0.166 0.055 0.41 0.00 -0.11 146 o]
R11 55 0.96 0.192 0.041 s 0T - =056 145
R12 | 235 1400 0,187 . 0,052 0.21 0.18 -0.08 98 10

Tab. 3: Statistics of the flights of pattern .

weight, etc. A detailed description of the
method of computation is given in the
above cited papers. During this work it
became obvious that further testing of
the method is necessary and this is the
main reason for any uncertainties in the
results.

44 runs were processed as described in
this chapter. From these runs mean va-
lues, standard deviations, covariances
and energy fluxes were computed. Addi-
tionally powerspectral densities for some
parameters were estimated. Finally the

conditional sampling technique was
used to compare statistics for convective-
ly active regions of the runs statistics for
the environment.

Synoptic situation: The flights were
made on 9 and 10 August 1980. The syn-
optic situations of these days are shown
in Fig. 2A and 2B respectively. The
boundary layer was capped by a subsi-
dence inversion at about 3100-3200 m
above sea level. On 9 August 2/8 to 4/8
orographic cumulus developped with
bases at about 3000 m. On 10 August no

clouds developped along the flight
tracks. The mesoscale winds were weak
with a main component normal to the
ridges. The mean height of the traverses
across the ridges was 2900 m on 9 August
and 3000 m on 10 August.

Results of flight pattern II: Fig. 3A
shows a portion of a flight near the NW
slope of the valley on 10 August, 10.45
GMT. The prominent features are the
sharp-edged bursts of temperature and
humidity, which are well correlated with
increased turbulence and ascending air.
On the other hand the air above the mid-
dle of the valley at the same time is fairly
calm (Fig. 3B). The standard deviations
of vertical wind w, specific humidity q
and potential temperature © for the dif-
ferent runs are given in Tab. 1. There are
also given the correlation coefficients be-
tween these three parameters. As expect-
ed, there is a relatively high positive
correlation between w and q as well as ©
near the slopes and nearly no correlation
in the middle of the valley. This seems to
be more pronounced in the humidity re-
cords. The negative correlation between
q and @ in the middle of the valley may
be an effect of the weak compensating
sinking of warm and dry air, which as-
cends warm and moist along the slopes.

For the four runs near the slopes and
the four runs in the middle of the valley
turbulent fluxes of latent and sensible
energy (E and H) have been computed,
using the direct eddy-correlation meth-
od. Time series of the instantaneous va-
lues of the fluxes (covariances) are in-
cluded in Fig. 3, and the mean fluxes in
Tab. 1. For comparison the estimates of
the fluxes at the surface as determined by
the energy balance method of Kersch-
gens (personal communication) are also
given. The flux of latent energy near the
slopes agrees very well with this inde-
pendent estimate; the difference in the
fluxes of sensible energy may be ex-
plained with the well known fact that
this flux decreases more rapidly with
height than the flux of latent energy (e.g.
Milford et al., 1979). ;

Fig. 4 shows the mean powerspectral
densities of vertical velocity, specific hu-
midity and potential temperature for the
four runs near the slopes of the valley.
The spectral densities have been estimat-
ed for 1024 frequencies using the fast
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Fig. 3:Time series of vertical velocity w, specific humidity g, potential temperature ®,
and the instantaneous values of the fluxes (covariances) of latent (E) and sensible (H)
energy for two flights of pattern I1. Upper: Flight 1510A, Run 5, along the NE-slope;
lower: Flight 1427A, Run 5, over the middle of the valley.

Fourier transform algorithm and are
smoothed over 10% of the respective
wavelengths, The wafelength is approxi-
mated by A = TAS / v, where TAS
equals the mean true air speed of the
runs (36 m/s). The slope of the spectra is
in good agreement with the —5/3 law
(straight line).

For the same runs conditional sam-
pling techniques were tried for distin-
guishing between convectively active re-
gions of the flights and the environment.
As indicator functions, vertical velocity
and specific humidity were used to give
two independent estimates. The condi-
tion for convective regions was w > W +
0.25c,, for at least three data points,
which corresponds to a minimum burst-
length of 15 m. In the case where specific
humidity was used as indicator function
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an adequate condition was used. The re-
sults for the four runs and the two differ-
ent indicator functions are summed in
Tab. 2. For both cases the energy fluxes
in the active regions are with one excep-
tion about three to five times the fluxes
in the environment. The active area con-
sists of 32% to 37% of the total area and
contributes 58% to 73% to the total flux.
Typical deviations of vertical velocity,
specific humidity and potential tempera-
ture from their mean values are also giv-
en in Tab. 2. The deviations for the active
regions are about twice the values for the
environment, which seems to be reason-
able, because the forcing of the convec-
tive processes is the warm and moist as-
cending air, while the sinking of dry and
cold air is mainly a compensating pro-
cess. The mean burstlengths are 56 m for

the w-bursts and 50 m for the g-bursts.
Manton (1977) found a similar length
scale for temperature bursts in 100 m
above the ground in Australia. A histo-
gram of the mean burstlengths is shown
in Fig. 5.

Results of flight pattern I: During the
two days 36 traverses across the ridges
were flown. The flights were made just
below the inversion, which was topped
with 4/8 cumulus on 9 August and with-
out any clouds on 10 August. The re-
cords of  three simultaneous
NE-SW-runs are shown in Fig. 6. The re-
cords start in the middle of the Fliielatal
and end in the middle of the Sertigtal.
The differences in the intensity of the hu-
midity-, temperature- and vertical veloc-
ity-fluctuations between the air over the
ridges and the air over the valleys can
clearly be seen. Even more striking are
the peaks of the instantaneous values of
the fluxes (covariances) pc,w'®’ and
oLw’q’, which appear only in the vicini-
ty of the ridges. Another feature of the
records is the positive correlation be-
tween q and © around the ridge at the
SW-slope of the Dischmatal, while this
correlation is more negative at the
NE-slope. Perhaps this is an effect of the
slightly different insolation of the two
slopes or of different types of soil and
vegetation.

Tab. 3 shows that vertical velocity and
specific humidity are positively correlat-
ed, but the correlation coefficient has on-
ly values of about 0.2. The correlation
between vertical velocity and potential
temperature becomes insignificant for
most of the runs and changes sometimes
to negative values. These correlations
show that the flux of latent energy is the
dominant process, while the flux of sen-
sible energy is small and has a tendency
to negative values. Throughout nearly all
runs there is a negative correlation be-

Mean
Fluxes

rms-
Variability

Dimension: w/m2 E H E H

13104, RO1-R0O8
14274.R0O1-R0O8
1508A.RO1~-R0O8

North 58.2 3.4
Middle TN
Scuth 41,

21.4 5.3
0.3 5.4 8.7
0.2 25.9 3.9
1311B.RO9-R12
1427B.RO9-R12
1510B.ROY~-R12

32.2 4.0
3.7 5.7
6.1 23.4 5.3

Middle [ 151,

3
4
North 98.8
1
South 126.7

Tab. 4:Mean energy fluxes and their vari-
ability for the flights of pattern I.
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Fig. 4: Mean powerspectral densities of
vertical velocity w (upper), specific hu-
midity q (middle) and potential tempera-
ture ® (lower) for the runs of flight
1510A along the slopes of the valley. The
spectral estimates are smoothed over
10% of the respective wavelenghts, the
straight lines have a slope of —5/3.

tween specific humidity and potential
temperature, which means, that the as-
cending moist air is mostly colder than
the environment. Similar results have
been found by Wyngaard et al (1978) in
the upper part of the mixed layer for the
AMTEX-area. The strongest negative
correlations are found in the northern-
most traverses (flights 1310A/1311B),
which have the greatest mean height
above the ground.

The fluxes of latent heat on 10 August
are two to three times larger than the
fluxes on 9 August (Tab. 4). This can be
explained by the maximum of insolation
and evaporation at about 11.30 to 12.00
GMT (Kerschgens, personal communi-
cation), which means that the flights on

10 August fell in the build up phase and
the maximum of the convection, while
the flights on 9 August are made during
decreasing convection. Additionally list-
ed in Tab. 4 is the rms-variability (stan-
dard deviation) of the fluxes between the
runs; a typical value of this variability is
about 50% of the mean flux. A part of
this variability may be due to the uncer-
tainties, which are contained in the com-
putation of the vertical velocity.

The mean powerspectral densities of
vertical velocity (Fig. 7) show, that the
variance of w is produced by two differ-
ent length scales, which are separated by
a spectral gap. The smaller scale reaches
from the turbulent processes up to about
180 m (0.2 Hz), the scale of the small
thermals, which were intersected during
the crossing of the ridges near the
ground. The peaks in the larger scale are
found between 600 m and 900 m (0.06
Hz-0.04 Hz) and belong to the organized

convection cells over the slopes. The se-
paration between the two scales is best
pronounced in the northernmost flights.
The reason may be, that the small ther-
mals there had more time (height) to or-
ganize than at the other traverses, which
were in the mean flown nearer to the
ground.

As for the flights of pattern II it was
also tried to distinguish between convec-
tively active and environmental regions
of the rms, but here only vertical velocity
was used as indicator function for con-
vection. The results are presented in Tab.
5. For all runs 36% to 37% of the total
area contributes 63% to 86% of the total
flux of latent energy. This means, that
the ratio between the typical fluxes for
the active regions and for the environ-
ment is of the order of 3 to 10. For the
runs of flight pattern II near the slopes a
ratio of 1.5 to 3 was found. This differ-
ence may be explained as follows: the en-

Probability
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Fig. 5.: Histograms of the burstlengths of velocity w (lower) for the runs of flight
specific humidity q (upper) and vertical 1510A along the slopes of the valley.
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1310A 1426A 1508A 1311B 1427B 1510B
RO1-RO8 RO1-RO8 RO1-RO8 RO9-R12 RO9-R12 , RO9-R12
E W/m2 136 149 70 189 259 233
act
E w/m2 15 36 25 49 89 71
env
Eact A 86 7.() 65 74 63 67
Area, .. % 37 36 38 37 37 36

Tab. 5:Conditional sampling statistics of the flights of pattern I.

vironmental portions of the runs near
the slopes consist of relatively strong
compensating downdrafts, which are dry
and cold, and therefore contribute signi-
ficantly to the upward energy flux. The
environmental regions of the runs across
the ridges, on the other hand, are found
mainly between the ridges, in the rela-
tively calm air over the valleys.
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Conclusion: It has been demonstrated
that powered gliders are a useful tool in
investigating the planetary boundary
layer. Some of the results, especially
those of the runs of flight pattern II
could hardly be achieved by any other
instrumented platform, because only the
high manoeuvrability of the powered
gliders enables them to fly as near the
ground as is necessary. Although there
remain some uncertainties in the results,
it can be stated that the meteorological
findings of the investigation are reason-
able. Further testing, which will be fol-
lowed by improvements of the data pro-
cessing and of the algorithms used will
strengthen the reliability of the results.
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Fig. 7: Mean powerspectral densities of
vertical velocity w for the flights of pat-
tern L




