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Abstract

The structure of Planetary Boundary Layer(PBL) in the HEIFE area has been preliminarily
studied by Doppler Sodar in August, 1990 at Huayin station. Evolution of the PBL can be described
by the Mixed Layer (ML) height increasing rapidly in daytime, and holding for a short time after
the nocturnal Stable Boundary Layer(SBL) is formed in the evening. A complete process including
formation, growth and disappearance of the Low-Level Jet{LL]) was observed on August 20, 1990.

1. Introduction

Sodar has a history that goes back to 1968, It has such features as easy mani-
pulation, continuous observation and clear images of the structure of the PBL, so
that it has been applied extensively to atmospheric boundary layer physics, atmosphe-
ric turbulence and air pollution, etc.. At first, it was used to measure atmorpheric
phenomena such as inversion structure, thermal convection, and gravity waves in the
PBL. Recent development of electronic techniques makes it also possible to make
Doppler analysis of scattered signals to obtain wind velocity informations®.

Heihe River Field Experiment, HEIFE, is a Sino-Japanese Cooperational Pro-
gram on Atomsphere-Land Surface Interaction in arid areas, as the third undertaking
of HAPEX in WCRP. To study the planetary boundary layer in this program,
Doppler Sodar, Model HK-11, and a tethered balloon system were used in August
1990.

2. Observation Site and Data Acquisition

The site is located at Huayin station (004) in the Gobi desert in the HEIFE
experimental area, and represents a typical underlying surface of Gobi desert®., HK-
11 Doppler Sodar system® improved by the Electrical Instrument Factory of Peking
University had been used to obtain echo intensity, three-dimensional wind-velocity
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Fig. 1 The Comparison of horizontal wind speed profiles as obtained by the Doppler
sodar and the tethered bhalloon.

and wind variances for the period from 7:00, 16th to 7:00, 24th, August in 1990. The
data are averaged over every half hour. The effective detectable height above 500
meters has been attained 53.6%, and that above 300 meters 91.69, of the total ob-
servation time. A tethered balloon system, a sonic anemometer and a micro-me-
teorological tower of the Department of Geography Sciences of Peking University,
were in operation during the period. A comparison of wind speed data by Doppler
sodar with that of the tethered balloon are shown in Fig. 1, and shows good agreement,

3. Determination of PBL’s Height and its Evaluation Process

3.1 Basic Principle

The received echo intensity of sodar can be simplified® in the dry atmosphere;

P, = Py AZ™ ¢~ C% T2 (1)
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where P 1s the transmitted power, 4 constant, a an attenuation coefficient of acous-
tic waves through the air layer, 7T air temperature and C% being temperature struc-
ture function. When PBL is capped by an inversion, Wyngaard and LeMone®
showed that within the capping inversion with a height of Z;,

Ct Z = f(H, 46) (2)

where H is the surface heat flux and 46 being the temperature jumps across the
interfacial region. Thus the inversion hieght can be determined from the profile of
sodar’s receiving echo power intensity, Normally P, decreases exponentially with
height. Taking the logarithms of both sides of Eq(1) we obtain;

log P, = log (C% T-%) —2log Z—2 aZ log ¢+const. (3)

This shows that logP, decreases linearly with (—2 log Z—2aZ loge) if CF T2 does not
change greatly with height. But logP, deviates from the curve, if C%T~* changes (for
example, the appearance of an inversion structure). The inversion heieght can
be quantitatively determined with this relation.
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Fig. 2 The observed profiles of mean wind speed, u and standard deviation
of vertical wind speed, ow at 11:30 August 20, 1990.
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Fig. 3 The observed profiles of Pr. I at 11:30, 20st, II at 23:30, 21st and 111 at 20:00, 21st
of August 1990.

Andre et al. (1978)® found that the maximum height of vertical wind speed va-
riance 0,, Zmax, appears at Zi/3, where Zi is the inversion height at ML’'s top.
This means we can determine Zmax using the profile of o, and obtain Zi=3%*Zmax,
when P, profile is not clear. Fig. 2 is the observed profile of variances of vertical wind
and horizontal wind speed at 11:30 on August 20th. Fig.3 shows the observed pro-
file of P,. The curve I is for the same time as Fig. 2, and the discontinuity of Pr is
seen at about 600 m in Fig.3, which is the height of ML. The maximum of ¢, in
Fig.2 is in good agreement with the above relation of Zmax=1/3Z;. The horizon-
tal wind spped, u also comes to increase rapidly in the stable layer above the inversion,
which may also be used to determine the inversion height. IT and IIT stand for the
profiles of nocturnal Stable Boundary Layer. III implies a structure of multi-layer
stable layer.

In order to demonstrate the effectiveness of methods to determine ML height
showed above, we have selected 20 sets of data, which are sounded by Doppler sodar
on clear days, to determine the ML height using the profiles of u, 6, and P, respec-
tively. The three kinds of ML heights written as, Z;(u), Z;(c,) and Z;(P,) arc
shown in Figs. 4a and 4b. The correlation coefficient between Z;(u) and Zy{P,) is
0.94 and its standard deviation is 35.9 m. That between Z;(1z) and Z,(?,) is 0.89
with the standard deviation of 64.3 m. The correlation coefficients of three kinds
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Fig. 4 Correlations between ML heights, (a) Z;(u) and Z;(P;) and (b) Z;(ow) and Z;(P;).

of ML’s heights determined by profile of 4, 0, and P, agree considerably well. So
it is practical and convenient to determine the ML’s height using any of these methods.

3.2 Evolution of PBL

The evolution of PBL from 07:00 of 21st to 07:00 of 22nd, August 1990 deter-
mined by echo intensity is given in Fig. 5. This shows a complete process including the
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Fig.5 Time changes of ML height(Z;) and SBL(hl) as determined by echo intensification from
07:00, 21st to 22nd of August 1990.
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formation, growth and decay of ML and SBL. This figure shows that ML starts to
form at 07:00 with a depth of about 150 m above surface. It grows slowly because

of the strong nocturnal stable layer capping it. ML grows rapidly after SBL disap-
pears at 09:00, and the height of ML remains at about 650 m with fluctuations, the
maximum hieght of which is 832 m. The SBL starts to form at 16:00. The ML
decays completely by 17:00. Meanwhile, the height of SBL, 4, increases gradually,
until it fluctuates around 400 m.

It was pointed out” that the life cycle of ML can be divided into 4 phases; (1)
Formation of a shallow ML, which slowly deepens. (2) Rapid ML growth. (3)
Deep ML of nearly constant thickness. (4) Decay into turbulence. Fig. 5 shows an
example of 4 phase processes measured by the sodar in the present study. During
phase(1), ML’s height increases slowly because of the strong nocturnal SBL capping
the young ML. The top of ML depth rises at a rate of 15 m per hour. During pha-
se(2), there is virtually no stable layer capping the ML, so that the thermals penetrate
rapidly upward allowing the top of ML to rise rapidly at a rate of 450 m per hour.
During phase(3), the ML depth, Zi is relatively constant during most of the after-
noon, Fluctuation of the Zi may be attributed to external advaction, for instance,
the subsidence induced by ¢old air advection from Q ilian Mountain, or the entrain-
ment at the top of ML. During phase(4), generation of convective turbulence can
not be maintained against dissipation rate, because the formation of new stable stable
stratification near the ground cuts off energy supply from the surface. In the ab-
sence of mechanical forcing, turbulencé in the ML decays completely.

By analogy, the development of SBL can be also classified as 4 phases; (1) forma-
tion, (2) growth, (3) maturity zllnd (4) decay. During phase (1), the ground is cooled
because it emits radiation more than solar radiation recieved, so that a shallow inver-
sion layer is formed. (2) After sunset, the inversion layer deepens with the rising of
SBL as the ground becomes cooler. (3) When SBL rises to a certain height, its height
stabilizes at 150 m or so. During phase (4), as the sun rises, the lower stable layer
is broken down by the formation of the new ML. The upper SBL disappears as the
growth of ML.

This is a whole cycle of diurnal change of PBL. From Fig. 4, it can be seen
that ML grows rapidly with a rising rate of 450 m per hour more than that of SBL
which rises with rate of 250 m per 3 hours because of differences in the nature of tur-
bulence. Nevertheless, ML remains for a shorter time of only 10 hours, compared to
17 hours for SBL. The height of ML in the present case is less than that of some
models®, This might involve special geographical environment, for example, the
growth of ML is limited by advection of cooler air from the Q ilian Mountain.

4. Turbulence Structure of the Mixing Layer

In the daytime, mechanical turbulence becomes unimportant compared to con-
vection in the higher part of the boundary layer. A different type of scaling parame-
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ter is required, other than the friction velocity, uy which depends on wind speed, under
those conditions. Deardorff(1970)® introduced a velocity scale, a convective velo-
city wy defined as follows

_ £ﬁgiyﬂ 4
e (Ci,pTu ’ ®)

where Z; is the depth of mixing layer that represents the eddy size, H sensible heat
flux in the surface layer, T, the surface temperature, g gravity, o air density and C,
being constant pressure specific heat.

With this scaling the standard deviation of vertical velocity is given by

=2

/7P i

Fig.6 shows this function in the present study. In the surface layer, Z=0.1Z,, Z; is
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Fig. 6 Tbe profile of normalized vertical velocity variance.
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no longer important to the characteristics of ¢,. This function approaches zero at
Z|Z,;=1, showing its maximum at about Z/Z;=1/3.

5. Evolution of Low Level Jet

At the night, low level wind maximum often develops on the top of the noctur-
nal stable boundary layer®. During the observation period, a typical low level jet
development was seen on the morning of August 20, 1990. Time changes of vertical
distribution of horizontal wind from August 19 to August 20 are shown in Fig. 7.
Wind speed in the surface layer was very weak, and was about 3 to 6 m/s at the hig-
her level throughout the period. High level winds were higher in the daytime and
lower from midnight to morning. At about 4 or 5 o’clock, lower wind speeds increases
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Fig. 7 Height-Time cross section of wind speed of August 19 and 20, 1990.
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Fig. 8 Wind speed profiles on August 20, 1990.
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and we could see a clear wind maximum of about 6 mfs at 200 m. The successive
wind profiles after 05:00 are shown in Fig.8.

As is clear from this figure its maximum wind speed increases with time until
06:30 when it reached to about 9 m/s. After that time, the wind maximum gradually
diffused and disappeared at 9 or 10 o’clock in the morning. Throughout this period,
the height of the wind maximum increased gradually at first and then rapidly after
its peak hour of 06:30, as shown in Fig.8.

As the related temperature profile and other meteorological parameters were
not obtained for this case, the details can not be discussed further. However, the
situation, that is the eastern skirt of a high mountain range, is quite similar to that of
Boulder, Colorado, where a clear low level jet of almost the same features was ob-
served by a Doppler Sodar (Kataoka et al., 1990)!. More detailed observations in
the HEIFE will be required.

6. Conclusion

The advantages of the Doppler sodar in the observation of planetary boundary
layer was clearly proved by this observation. Even in the dry atmosphere over the
desert on a plateau, sound detection was possible up to about 1000 m. The pheno-
mena observed through this observation were not so different from the results {rom
other observations under different conditions, but they will be incorporated with other
data to analyze the structure of the planetary boundary layer in this HEIFE area.
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