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Planetary boundary layer height detection from LIDAR

measur ements

C. TALIANU’, D. NICOLAE, J. CIUCIU, M. CIOBANU, V. BABIN
National Ingtitute for Optoel ectronics, Bucharest-Magurele, P. O. Box MG. 5, Romania

Lidar systems are powerful laser equipments which are able to estimate the Planetary Boundary Layer parameters from
remote sensing measurements. Using lidar technique, the interface between PBL and free troposphere can be evidenced
by the change in backscattered radiation level between the two layers. New scientific approach for the automatic detection
of targets of this type from lidar signals uses wavelet covariant transform based on various functions. There are presented
the results obtained in Romania by direct LIDAR measurements in the area of Bucharest and the original software
developed by the Environmental group in INOE for lidar data processing and PBL height identification.
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1. Introduction

Remote sensing techniques such as lidar and sodar are
invaluable for the measurement of Planetary Boundary
Layer (PBL) properties that are difficult, or impossible, to
measure directly a sufficient spatid or tempora
resolution, over long periods, or with large area coverage
for example boundary layer depth and entrainment zone
structure. Lidar systems, in particular, have been widely
used to examine the structure and variability of the BL top
and to derive the entrainment zone depth [1-3]. The
volume of data generated by Lidar systems with
substantial and automated processing is essential if full use
is to be made of al the information available. Devel oping
robust algorithms for extracting the information of interest
- typically the dtitude of the BL top - can be chdlenging.

The lidar system used for measurements, is an elastic
backscattering lidar based on a Nd:YAG laser, working at
two wavelengths (1064 and 532 nm). It can detect in real
time aerosols density profiles up to 10 km high with a
spatia resolution of 6 m. Along with its remote sensing
capabilities, the most important characteristic of this
system is the instantaneous response, in relation with the
propagation speed of light. In order to realize an d oquent
study hundred of measurement in one sesson are
necessary, o that for a rea time response, the processing
algorithm must be adjusted to handle high speed
acquisitions. Beyond specific agorithms used to retrieve
the backscattering coefficient versus distance from lidar
data, for PBL studies new algorithms are needed. This is
due to the fact that lidar signals are strongly decreasing
with distance, and the presence of alow density target (as
PBL) is impossible to be evidenced without mathematical
processing. For example, the scattering of light by various
shape particles must be known. We developed an
analytical averaging method in scattering of light by non-
spherical aerosols [4].

Several recent studies have utilized a wavelet method
to provide automated detection of the boundary layer top
from Lidar backscatter profiles by locating the maximum
in the covariance profiles [2,5,6]. We deveoped an
algorithm that utilizes information from the wavele
covariance transform a multiple dilations in order to
identify the upper and lower limits of the transition zone.
The method has been tested using real lidar data collected
by LiSA system.

2. Experimental
2.1. Theory

The wavelet covariance transform was defined by [7]
as ameans of detecting step changesin asignal. It isbased
upon a compound step function.

The agorithm consist in the wavelet covariance
transform between lidar signal profile and Haar function
(step function) defined as:
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where h is the Haar function, a is the spatid extent, or
dilation, of the function, b is the location a which the
Haar function is centered—the trand ation of the function.

The covariance transform of the Haar function, W,[5]
is defined as:
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where P () is the lidar signal, X and X ae the lower
and upper limits of the profile.

A locd maximum in W (a, b) identifiesastep in P (X)
with a coherent scale of a, located at x = b. The problem
to identifying features of interest is the selection of an
appropriate dilation a. [8]

For the simple case where the mean backscatter is
near constant both within and above the PBL, the choice
of aisnot crucid if it is large enough to distinguish the
transition zone from small-scale variability in the signal.
Under lessided conditions the choice of dilation becomes
important. A mean gradient in backscatter encompassing
the entire wavel et results in a constant, nonzero value for
W (a, b); if the gradient is locdlized and coincides with
only part of the wave et, then it will contribute to W (a, b)
in proportion to the extent of the overlap. We consider the
effects of vertical gradients, it is worth nothing some
fundamental constraints on the useful values of the dilation
and trandation. Any rea lidar profile is finite in length,
useful values of a and b are thus limited to combinations
for which the entire nonzero portion of the Haar function
lies within the atitude range of the backscatter profile,
outside of these limits part of the integral is undefined.
The closest b may approach to the ends of the profile is
thus a/2. The absol ute maximum value of a is equal to the
length of the measured profile. However, this extremeis of
no practical use since b is then constrained to a single
value of a/2. In practice the upper limit to the useful range
of dilations is about twice the distance from the transition
zone to the nearest end of the measured profile, at greater
dilations the wavelet cannot be trandated to a position at
which its midpoint, b, coincides with the top of the PBL.

The regions of the verticd gradients in the lidar
backscattering are: PBL, over PBL, and the inversion
across [9]. Let's consider for the theoretical study an
ideslized backscatter profile with the transition zone base
a H1 and its top a H2, and the location of the maximum
in W (a, b) as a increases. For a < (H; - H;) there are
multiple values of b for which W(a, b) has the same
(maximum) value; this is the region where the wavelet is
entirdly encompassed by the transition zone. As a
approaches (H, - Hi), the range of values narrows,
converging on the midpoint of the transition zone, which
remains a unique solution for al larger values of a up to
(H2 + Hy). At this paint the trandl ation of the Haar function
is limited by the bottom of the profile. If a is further
increased, the maximum in W (a, b) occurs when b is as
low as possible, and b(W na)=a/2. For this case - an

idedlization of awell mixed BL with constant backscatter
above the transition zone - the choice of dilation is not
criticl  provided it lies within the [limits
(Hz -Hy)) <a <(H,+ Hj). Let's now consider the more
general case when there are gradients in backscatter above
and below the transition zone. An anaytical solution can
be derived easily for idealized profile, since the product of
the backscatter profile and the Haar function amounts to
the summation of the areas between the profile and an
arbitrary zero line, here set at the base of the profile for
convenience. The trandation that gives a maximum in W
(&, b) for any given dilation can then be found by
differentiating the expression for W (a, b) with respect to b
and solving for zero (for our idealized profile there is no
minimum in the W (a, b) profile, only a single maxi mum)

(9]

2.2. Program devel opment

A dedicated LabVIEW program for PBL top detection
was developed in INOE, based on the agorithm early
described. In order to obtain the convolution altitude
profile, the algorithm must be executed for al values of b
iN Xo-Xmax iNterva. If the identification of a specific target
is wanted (at specific height, of specific density), the
algorithm must be applied for a proper interval, or the
input parameter a must be selected so that targets with
other characteristics can be unlooked. For example, in
order to evidence clouds height it is necessary to run the
algorithm up to an dtitude of 2000 m, because this the
maximum altitude possible for a cloud presence. On the
other hand, PBL top cannot exceed 1000 m, abut its
density is much lower then acloud's, so is better to run the
algorithm up to 1000 m and to select an higher valuefor a.
For each data profile, the program returns the dtitude
corresponding to the maxi mum of convol ution.

We tested the program on real lidar data collected by
LiSA system.

3. Results

LiSA system is placed in a dedicated laboratory, at a
certain height, in order to permit horizontal sounding,
towards the boundary of Bucharest city. Measurements
were done in vaious meteorologica conditions at
different times of the day, in order to revea system's
limitation and to establish the capabilities of the
processing program to extract the presence and location of
the targets (in our case PBL) from lidar data [10, 11]. In
Fig. 1 and 2 some results of our experiments are presented.
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Fig. 1. The map of wavelet covariance transform and
PBL for cloudy (left) and clear sky (right) (15.05.2005,
Magurele, LiSA).
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LIDAR RATIO and PROCESSING ERRORS

Fig. 2. Themap of wavelet covariance transform and
PBL for poor visihility (15.05.2005, Magurele, LiSA).

4. Discussion

From these images one can conclude that, with a
proper choice of a and sdlection interval, the program can
derive clouds atitude and PBL height. These are visible on
the graphs by the 2 dot-lines in different caors in the left
image. In this case, somelow density clouds are present in
the sky, making possible the detection of PBL top even if
the entire dtitude interval was used as input. In the
covariant transform graph, only one maximum can be seen

because the other one (corresponding to PBL top) is much
smaller then the first one (corresponding to the cloud).
Even s0, the program returns both targets atitudes. In the
second example (right image), the sky was really clean, so
no cloud was detected, but the PBL top.

As one can see in Fig. 2, in case of poor visihility
(middle of a summer day), due to high aerosols |oading
and intense light background, it was impossible to get
useful signd beyond 2 km height. As consequence, the
program was able to detect only the PBL top and no high
altitude clouds were evidenced.

5. Conclusions

In good visihbility conditions, the program can identify
distant targets, like high altitude clouds. This is possible
during night time, when traffic and industrid contribution
on aerosols atmospheric loading is small, or after rain,
when the atmosphere is clean, due to wet deposition of
aerosals.

In poor visibility conditions, during day time or before
rain, when the relative humidity is increased, the signd is
noisy, reducing the detection distance. In this case the
program can only provide PBL’s height and eventualy
low dtitude clouds.

The program processes lidar data which will be used
to determine PBL top and pollutants loadings but aso to
study their temporal evolution. The user has the possibility
to smultaneoudy process more data sets, when the
comparative study is wanted. Also, by varying the Haar
coefficient a one can evidence targets of different
densities.

The possibility to select only specific dtitude interva s
as input for the wavelet a gorithm increases the processing
speed and the detection accuracy for a certain target type.
In thi sense, processing the entire data set can “hide” low
density targets if a high density target isaso present. Even
S0, the covariant transform graph shows 2 maximums, one
less pronounced then the other, which permits to the user
to distinct between the 2 targets. It must not be neglected
the importance of the graphica interface of the program,
which consult the user in following the right steps to
obtain a good result, but leaves the liberty to vary the input
parameters, scales and graphs colors.
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