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A new automated small size lidar system (microlidar or MULID) has been developed and employed to perform aerosol
measurements since March 2010 at Ny Alesund (78.9°N, 11.9°E), Svalbard. The lidar observations have been used to estimate
the PBL height by using the gradient method based on abrupt changes in the vertical aerosol profile and monitor its temporal
evolution. The scope of the present study is to compare several approaches to estimate the PBL height, by using lidar observations,
meteorological measurements by radio soundings, and a zero-order one-dimensional model based on a parameterization of
the turbulent kinetic energy budget within the mixing layer, under the assumptions of horizontal homogeneity, and neglecting
radiation and latent heat effects. A case study is presented here for a convective PBL, observed in June 2010 in order to verify
whether the Gradient Method can be applied to lidar measurements in the Arctic region to obtain the PBL height. The results
obtained are in good agreement with the PBL height estimated by the analysis of thermodynamic measurements obtained from

radio sounding and with the model.

1. Introduction

There is no region on Earth where the climate is changing
faster than in the Arctic. Recent studies show that processes
in the lower atmosphere are critical for a proper understan-
ding and modelling of Arctic climate change [1-3]. The relia-
bility of climate models is often poor in Arctic regions be-
cause the parameterizations of the planetary boundary layer
(PBL) are mainly based on observations at lower latitudes.

A proper characterization of the Arctic PBL processes, in-
cluding the exchange of momentum, heat, moisture, and
chemical species between the surface and the free tropo-
sphere, is needed for a better understanding of the forcings
that drive the changes going on in these regions.

In this context the PBL height is an important parameter
as it allows to define a scale on which several processes in the
Arctic PBL occur.

In spite of the importance of proper monitoring the ver-
tical development of the PBL (which is also a key parameter

in mesoscale climate models), no unique method exists to
determine its height [4]. In fact, the evaluation of the PBL
height can be performed by using a variety of methods, bas-
ed on the analysis of thermodynamic variables, on turbul-
ence-related parameters or by measuring concentrations of
tracers. According to [4], the measurement of tracers concen-
tration is the only direct method allowing the estimate of the
PBL height under stable conditions as in such conditions the
thermodynamic approach is neither reliable nor well defined.

Atmospheric aerosols represent often a good tracer for
this purpose. It is produced at ground and mixed within the
PBL through turbulence processes. If no advection/removal
of aerosol occurs in the PBL, the concentration profile of ae-
rosols can be assumed as a reliable proxy for the PBL height.

The evaluation of the aerosol burden in the Arctic PBL
is not only useful to provide an estimation of PBL dynamics,
but also valuable in itself since the presence of aerosol in the
planetary boundary layer influences the energy budget and
hence the climate in several ways.



It is widely accepted that the aerosol concentrations in
Arctic are lower than at midlatitude, thereby making the
system more sensitive to climate changes; due to a low back
ground concentration, even a small increase can be observed
and is significant in terms of climate change [5, 6]. There are
indications of important local sources inside the pack ice that
rely on biogenic processes in the ice and in open leads. These
may be very susceptible to change through a global warming.
Moreover, transport of aerosols from the midlatitudes has
been observed in the Arctic in the last 10 years, and its impact
has been investigated [7].

According to recent calculations using Global Circulation
Models (e.g., [8]), aerosol particles may have a cooling effect
at the Earth surface, smaller but possibly comparable to the
warming effect due to the increased concentration of anthro-
pogenic greenhouse gases in the atmosphere. However, in
the case of snow-covered surfaces, the effect of black carbon
deposited on the surface may counteract the predicted cool-
ing through a reduction of the surface albedo [9]. These op-
posite effects make the arctic changes an extremely unpred-
ictable scenario [10].

The structure and dynamics of the majority of the aero-
sols present in the PBL are strongly influenced by the sur-
face energy fluxes. Especially in snow-covered regions, the
deposition of aerosol on the surface primarily leads to a re-
duction of the albedo, and consequently to the heat amount
absorbed by the soil. The concentration of aerosols may also
affect the melting/freezing of the Arctic sea ice ([11, 12]).

To provide both a characterization of PBL dynamics and
a monitoring of aerosol burden in the Arctic lower tro-
posphere, a microlidar has been installed in Ny Alesund
(78.9°N, 11.9°E), Svalbard, Norway, in 2010 and has been
operating since then, in the framework of a collaboration be-
tween the Italian Consiglio Nazionale delle Ricerche (CNR)
and the German Alfred Wegener Institute (AWI). Ny Alesund
represents a unique site where a large international coopera-
tion granted the deployment of an ample set of instruments
for monitoring a large number of key parameters of the
Arctic system. Ny Alesund is situated on the south side of the
deep and sheltered Kongsfjord on the west coast of the Sval-
bard archipelago. The fjord is enclosed by glaciers on one side
and by the Zeppelin mountain (473 m a.s.l.) south of the
town.

In the framework of the Climate Change Tower-Integra-
ted Project (CCT-IP), an instrumented meteotower (32 m
high) has been deployed in Ny Alesund in the year 2009,
complemented by a number of other in situ and remote sen-
sing devices for the characterization of the Arctic surface and
lower troposphere. The small-sized, portable, and automated
micro-LIDAR (LIght Detection And Ranging), MULID, has
been installed at the AWI Koldewey station and has been
providing high-resolution profiles of the aerosol vertical dis-
tribution and optical properties from the ground up to about
3000 m, since March 2010. The system is a zenith-pointing
Rayleigh (elastic) lidar, operating at 532 nm, providing also
the volume depolarization that gives qualitative information
on the shape of the scattering particles [13, 14].

In the present work we analyse a case study in order to
test the applicability of the aerosol vertical profiles as tracers
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in the determination of the PBL height at the Svalbard site.
The chosen case (14 June 2010) is characterised by low wind
speed, and the PBL shows evident convective characteristics.
The method is inadequate when the PBL height is extremely
low (below 50 m), or when the PBL is not well mixed, as oc-
curs in strong wind conditions.

Furthermore, both LIDAR profiles and ancillary data are
available for the whole day, and the aerosol concentration is
large enough to allow the use of the aerosol backscatter pro-
files to estimate the PBL height. The PBL height is also de-
termined by using meteorological measurements from col-
located simultaneous radio sounding, and by applying the
zero-order one-dimensional model proposed by Gryning
[15]. The aim of this work is to understand to what extent the
lidar-based technique can be adopted in future campaigns,
combining the lidar technique with other complementary
methods such as SODAR RASS, Models, Soundings, Wind-
Profiling Radars in order to obtain reliable values for the PBL
height in this region. Some techniques are described in [16—
18].

The paper is organized as follows: in Section 2, the in-
struments and methods used in our work are presented. A
discussion of the results is presented in Section 3, and the
comparison between observations and the 1D prognostic
model is shown in order to evaluate the accuracy of the
PBL height obtained from the lidar data. Finally, in Section 4
conclusions will be drawn.

2. Instruments and Methods

2.1. Micro-Lidar (MULID). The lidar system has been de-
veloped in the laboratories of the Institute of Atmospheric
Science and Climate of CNR, (ISAC-CNR). It is contained
inside a thermally insulated, fiberglass, and polystyrene box.
The temperature in the box is controlled by three 30 W heat-
ers, and two fans mainly dedicated to keep the system temp-
erature at operating conditions. An external blower with a
laminar diffuser continuously cleans the glass window on the
top of the system. The Lidar system [19] is shown in Figure 1.

The laser source is a compact size, low-weight diode
pumped Nd:YAG laser (Laser-Compact group), with second-
harmonic generation and active Q switching. The laser pulse
duration is less than 10ns and the output energy is 29 uJ/
pulse at 532nm and 25 uJ/pulse at 1064 nm. The pulse re-
petition rate is 1 kHz, with a beam divergence at 532 nm of
less than 1.5 mrad which is reduced by a beam expander to
0.2 mrad. The laser system has a maximum power consump-
tion of 100W (60 W Laser Head and 40 W Power Supply
Unit).

The receiving optics is composed of a Newtonian 20 cm
diameter /1.5 telescope, with a full Field of View (FOV) of
1.3 mrad set by a field stop of 400 micron. The laser is moun-
ted in a quasiparallel geometry, causing intersection with the
telescope FOV at about 50 m reaching full overlap at 150 m. A
polarizing beam-splitter cube is used to separate the 532 nm
signal collected by the telescope into two polarized compo-
nents, respectively, parallel and perpendicular to the laser
emission. The radiation is then focused onto miniaturized
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FIGURE 1: In (a) the micro-lidar (MULID) on the roof of the AWT station at Ny Alesund (78.9°N, 11.978.9°N, 11.9°E), Svalbard. In (b) the

optical and electronic components of the system.

photomultiplier modules (Hamamatsu 5783P) with very low
thermal noise (below 10 counts/s at 25°C). The PMT signal
is recorded both in current mode and in photon counting
mode. In the current mode the time resolution of the AD
(80 MHz) converter allows a vertical resolution of 1.875m
over a 1.875 km range, while in photon counting mode the
time resolution (100 ns) allows a vertical resolution of 15m
and a range of 15km. These parameters can be varied to re-
duce the vertical resolution to 15m and 75m, respectively,
and to increase the range to 15 km and 75 km, respectively, in
case a coarser and more extended profile reconstruction is
needed.

The system capability to work unattended for long peri-
ods has allowed continuous operation (24/24) delivering 5-
minute averaged profiles every half hour. In special observing
periods, like in the springtime, when vertical profiles of me-
teorological parameters were simultaneously obtained by
using different sondes operated from a tethered balloon by
AWI, a higher temporal resolution has been set, providing
continuous time series of profiles.

2.1.1. Gradient Method. The height of the PBL may be es-
timated by lidar measurements by investigating the vertical
profile of the aerosol backscatter signal. Several approaches
have been proposed in the literature for determining the PBL
height from Rayleigh-Mie lidar measurements. One method
which is frequently used with low power lidars is based on
the determination of the inflection points of the profile. The
aerosol backscatter signal depends on the aerosol numerical
concentration, and in a rather complicated way also on aero-
sol size, shape, and composition. If the size, shape, and com-
position can be considered uniform in space, the volume
aerosol backscatter coefficient, determined from the lidar
measurements can be considered linearly proportional to
the aerosol number concentration. Generally the aerosol

concentration decreases sharply at the transition between the
PBL and the free troposphere. This variation, observed as a
sharp decrease of the aerosol backscatter cross section, may
be used to determine the PBL height. The amount of the
variation depends on the aerosol type, concentration, and the
wavelength employed [20]. Since this approach is based on
finding the maxima of the first derivative of the signal, this
method, described by Endlich et al. [21], is called “gradient
method.” Other approaches employ the absolute value of the
aerosol cross-section [22] and define the top of the PBL as
the lowest point where the backscatter ratio falls below a
threshold value. This is based on the assumption that in the
free troposphere the aerosol concentration is very low. The
main drawback of this method is that the inversion of the
lidar profile is required, and a high signal-to-noise ratio is
necessary to avoid false attributions. A third method, the
so-called variance method, is based on the analysis of the
temporal behaviour of the variance of the signal at each
altitude. It represents a very powerful approach to detect the
convective boundary layer, since the turbulence inside the
mixing layer and the entrainment zone leads to very variable
concentration of tracers, resulting in a highly variable aerosol
cross-section. On the other hand, stable boundary layers are
not easy to detect in this way thus restricting most of these
studies to the daytime observations [23-26]. Obviously, all
these methods are valid under the assumption that no aerosol
advection or removal from the PBL is occurring.

The appeal of the gradient method resides in the fact that
it neither requires to perform a full inversion of the profile,
nor does it take into account corrections for beam-FOV over-
lap [27, 28]. Often inflection points are determined in the
background subtracted range corrected signal (RCS), or, in
alternative, its logarithm.

In order to find the inflection points, which are needed
while using the gradient method, two different strategies are
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FIGURE 2: The logarithmic Range-Corrected Signal (blue) and its
Discrete Wavelet Transform (green) of the profile around 9:00
UTC. The DWT is calculated with a Haar function of 150 m width.
The red line is set at the height corresponding to the first maximum
of the DWT exceeding the threshold of 0.5 and represents the
estimate of the PBL height at that moment. This threshold is the
only parameter to be tuned in the wavelet analysis.

possible: the first is based on the direct numerical differen-
tiation, while the second employs the so-called Discrete
Wavelet Transform (DWT), using a zero-order wavelet (Haar
function). This DWT consists in the convolution product of
the signal (either range-corrected or logarithmic range-cor-
rected) with a finite-size step function. The method is well
described, for example, in [29, 30].

Where the signal is “in phase” with the Haar wavelet, the
convolution product shows a maximum, and an inflection
point is found. The maxima of this DWT can then be used
to determine the inflection points of the RCS. The advantage
of the DWT is that, being based on an integral quantity
instead of a derivative, it is much less prone to noise-induced
detections than the numerical differentiation. Another ad-
vantage of the DWT technique is that, changing the dilation
of the Haar function, a multiscale analysis [31] can be easily
performed. On the other hand, it should be stressed that the
width of the Haar function affects the minimum height at
which the retrieval of inflection points is possible. In fact,
the DWT is only defined above the centre of the wavelet.
Hence, it is fundamental to choose the dilation of the wavelet
coherently with the scale of the structures we expect to ob-
serve. This is visible in Figure 2, where the logarithmic RCS
(blue) and its DWT (green) are shown for one lidar profile.
There, the red line is set at the height where the first maxi-
mum of the DWT has exceeded a threshold value of 0.5. That
height in fact represents the estimate of the PBL height. The
threshold value is the only parameter to be tuned in the
wavelet analysis; its value in the present analysis has been
chosen according to Haij et al. [31].

Once the aerosol layers have been identified with the
gradient method (by DWT or direct differentiation), a prob-
lem of attribution still remains, since multiple aerosol layers
can simultaneously be present in the vertical profile [20]
leaving the correct identification of the actual PBL height still
an open task. A very popular criterion is to choose the lowest
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maximum whose first derivative is above the threshold ([31]
and reference there in).

2.2. PBL Height from Radiosonde Data. Atmospheric sound-
ings by Vaisala RS92 radio sondes are carried out at Ny
Alesund once a day at 12 UTC, providing profiles of pressure,
temperature, relative humidity, wind speed, and wind direc-
tion from ground to about 30 km, with a vertical resolution
of a few metres depending on the balloon ascending speed.

The sondes are carried by helium-filled balloons (TOTEX
TX600, or TX800), and data reception and evaluation are
provided by a DigiCora System (VAISALA). The data is cod-
ed (FM35-Temp) and transferred to the Global Telecommu-
nication System (GTS).

2.2.1. Lapse Rate Method and Richardson Bulk Method. Since
the convective PBL is characterised by deep mixing of ther-
modynamic quantities, their gradients are expected to be
very small. The inversion present on top of the convective
PBL shows significant gradients in potential temperature and
relative humidity, towards the warmer and drierfree atmo-
sphere. A method for the determination of the PBL height
from radiosonde or balloon observations is based on the
computation of the vertical gradients in potential tempera-
ture and/or relative humidity [32]. The algorithm of Hayden
et al. [33] detects PBL height as the first level at which the
vertical gradient in potential temperature exceeds 2 K/km
and the vertical gradient in RH < 0%/km. This kind of
method is commonly called the lapse rate method, because
the PBL height is defined when a determined value or a com-
bination of determined values of lapse rates in atmospheric
variables is met.

Another commonly used method which is suitable for
sta-ble as well as for unstable conditions is the Richardson
bulk method [23, 34-36]. The Richardson number is a
scaling parameter that indicates the ratio of thermal and
mechanical production of turbulence. It has a characteristic
behaviour for the mixing layer and the free atmosphere on
top of it.

The Richardson bulk number R;;, is calculated as

(z — 20)[9(z) — 9(z0)]
9(2)[u?(z) — v*(2)]

Rip(z) = ¢ (D

with g the gravity constant of 9.81 m/s?, z and z, represent
altitude and the lowest level of observation, respectively. Fur-
thermore, 9 = T(PO/P)Rd/CP denotes potential temperature
and u(z) and v(z) are the zonal and meridional components
of the wind vector, respectively. The numerator represents
the buoyancy term, in which the rising of the thermal poten-
tial is described. The denominator contains information
about wind shear. Here it is assumed that the wind speed at
Zp 1s zero.

The PBL height can be defined as the height of the first
level at which the Richardson bulk number exceeds a certain
threshold value, such that R;; > Ric [36, 37]. A common
value for Rj. reported in the literature is 0.21. Beyond this
critical value of Rj, the atmosphere can be considered fully
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decoupled from the PBL. In other studies reported by Troen
and Mahrt [38], R;, reaches the critical value of 0.25.

2.3. Batcharova and Gryning Model. Several models have
been proposed to estimate the PBL height under convective
conditions. Among these a simple one-dimensional prognos-
tic model proposed by Gryning and Batcharova [15] was
used in various studies both in mid and high latitudes. The
results obtained in harsh climate [39] encouraged the use of
this model for the Ny Alesund dataset. The model is based
on a parametrization of the turbulent kinetic energy budget
within the mixing layer, assuming horizontal homogeneity,
and neglecting radiation and latent heat effects [40]. In the
derivation of the model the entrainment zone is idealized as
infinitesimally thin (zero order scheme). The final practical
and prognostic equation for the height evolution is the
following [15, 40]:

h? N CuiT (@_ )
(1+A)h—2BKL) * yg[(1+A)h—BkL] § \dt ™

= o

)

where F is the PBL height, k is the von Karman constant (k =
0.41), L is the Obukhov length, u is the friction velocity,
T is the surface temperature, g is the acceleration due to
gravity, (w'9’) is the kinematic heat flux at the surface, y is
the potential temperature gradient in the free atmosphere,
w; is the negative of the subsidence velocity, and A, B, and C
are empirical constants set to 0.2, 2.5 and 8, respectively [41].

The first two terms on the left side of (2) represent the
entrainment due to buoyancy and mechanical turbulence,
and the so-called spin-up effect, respectively. The latter is
active during the morning, when the PBL height is small and
its growth rate is controlled by the friction velocity. In the
central part of the day this contribution decreases and the
turbulent flux influences the development of the PBL [15].

Equation (2) was solved numerically with an initial guess
value of h set at 30 m and a time step of 10 minutes.

The turbulent parameters, namely, uy, (w'¥9'), and L,
were derived from the sonic anemometer (Gill R50 Solent)
data using the eddy covariance technique [42]. Two rotations
have been applied to correct the measurements for possible
sensor tilt errors.

The two external parameters y, and w; present in (2) have
been estimated as described in Section 3.

The subsidence w; represents the mean vertical motion
of the air at the top of the boundary layer. It can be estimated
if the horizontal divergence of the large-scale flow is known
as function of height. When the horizontal divergence is
constant with height, the subsidence is proportional to the
divergence. The latter can be estimated if wind measure-
ments from a network of meteorological stations are avail-
able [15].
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FiGURE 3: The natural logarithm of the RCS at 532 nm (parallel
polarization). The higher the In (RCS), the larger the aerosol cross-
section. This can be due to larger particles (i.e., cloud droplets
or rain) as well as higher numerical particle concentration. Gray
and white bars represent the top of aerosol stratifications. The PBL
height can be assigned to one of these aerosol layers. The length of
the lines represent their indetermination.

3. Discussion

The lidar observations can be used to obtain the boundary
layer height, in convective conditions.

During summer, the wind speed reaches a minimum
value in the free lower troposphere. The average speed in June
from 0 to 3km is less than 4 m/s, while during winter it is
about 12 m/s. At the selected day, the wind speed was close
to the corresponding monthly average. Consequently, the
advection of air masses over the observation site is reduced,
and the aerosol concentration can thus be considered a good
indicator of the PBL dynamics.

Figure 3 shows the logarithm of the lidar range corrected
signal, observed on June 14th; 2010, demonstrating how,
even at low aerosol concentrations, the lidar observations
allow to determine the layered structure of the boundary
layer.

The aerosol distribution clearly shows the temporal evo-
lution of a convective PBL, and the formation of a thin haze
layer due to enhanced condensation at its top.

On June 14, the sun never sets at this site, reaching a min-
imum elevation angle of 12.4° at 23.12 UTC and a maximum
0f34.3° at 11.12 UTC. In the early hours of the day (00 UTC-
07 UTC) lidar profiles show the presence of haze and thin
stratiform cloud layers in the first km, while in the central
part of the day the sun radiation reaches the ground through
a broken layer and heats the surface. This is also confirmed
by the net radiative balance at the surface, which reaches
peaks of 700 W/m? around noon, a value compatible with
clear sky conditions at that latitude and season. This heat flux
determines thus the convective structure observed for the
PBL.

After noon, the weakened solar radiance causes the thin-
ning of the mixed layer, which falls under 300 m at midnight.
Low clouds are formed again after 16 UTC, likely due to
radiative cooling.
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FIGURE 4: Determination of PBL height from thermodynamic values obtained by a VAISALA RS92 radiosonde. The radiosonde was launched
at 12 UTC of the June 14th 2010 from the AWIPEV station of Ny Alesund. In blue in the upper panel temperature and relative humidity while
in the lower panel potential temperature and Richardson number. In dashed red the height of the PBL calculated for potential temperature
with the Lapse Rate Method while the vertical green dashed lines on the fourth panel show the range of Richardson numbers between 0.21

and 0.25.

Figure 4 shows the vertical profiles of temperature, rel-
ative humidity, potential temperature, and Richardson num-
ber obtained from the 12 UTC radio sounding. The Richard-
son number is calculated using (1), and a green dotted box
identifies the region where the Rj; is in the range between
0.21 and 0.25. The altitude identified with the values between
0.21 and 0.25 is shown as red-dotted line and represents the
PBL height.

In Figure 4 in the upper panel temperature and relative
humidity profiles are presented, and the relative inflection
points are shown. In the lower panel, the potential temper-
ature and the Richardson bulk number profiles are presented
as well, together with the PBL height retrieved using these
two quantities. These four different estimates are within
20 m, leading to an unambiguous determination of the PBL
height by radio sounding. Considering the mean of these
four values, the PBL height at 12 UTC can be set to 767 m
above sea level (Figure 5).

This value is consistent with lidar and model estimates,
as shown in Figure 5. However, it must be noted that, as ex-
plained in Section 2, the attribution of the PBL height to the
lidar-derived estimations is still open to question. In fact, it

has to be noted that the analysis of lidar produces several
layers, which should be interpreted by a visual comparison
with the radio sonde measurements and the model output.

The convective behavior of the PBL is confirmed by
the model simulation, as will be illustrated below. Because
of the difficulties in estimating the subsidence, the w;
parameter is often neglected in formula (2). In the shallow
mixed layers, the omission of w; is of minor importance
in the entire range of meteorological conditions. However,
during a high pressure regime, characterized by positive
horizontal divergence, the downward directed subsidence
velocity increases as the mixed layer evolves and could be
comparable in size to the rate at which the mixed layer
entrains into the air aloft [40]. In these cases, w; is negative
and of the order of some cm s™! [41]. Because of the difficulty
in estimating w;, three values between 3 and 4cms™! have
been employed. Comparable values were derived for the
Antarctica PBL and can be found in the literature [43].
The value of y was derived from the temperature profiles
measured by the radio soundings at 12 UTC, obtained in a
100 m layer above the entrainment layer. The value has been
kept constant during the day and equals 0.0025 Km™!.
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TaBLE 1: Comparison between the advantages and drawbacks of the three approaches to determinate the PBL height.

Advantages

Disadvantages

High vertical resolution
Continuous measurements
Opportunity to observe aerosol

Lidar-based gradient
method
layers

Large dataset over the world
since radiosondes are routinely

Radiosonde-based LR

and RB methods operated

Can be used also in adverse
meteorological conditions

Provides continuous estimate of

Batchvarova and the PBL height
Gryning model

measurements

Employs only ground based

Lack of overlap at low altitudes
sets a lower limit for PBL height
determination

Needs well-mixed aerosol.
Problems of interpretation with
advected layers

Determination of the PBL height
only in coincidences of the
balloon launch

In case of stable PBL methods
based on potential temperature
are not applicable (or reliable)

Good results only under
convective regimes and clear sky
conditions

Estimate of initialization values
and uncertainties on estimates of
parameters

Turbulent flux measurements are
required

Many approximations in the
physics of PBL processes make
the estimate subject to large
uncertainties

2000

1500

‘| | o R S
1000'|||¢ . ||| B S
|1
_| 1|||‘|,"|L|“‘”, =
|

Height (m)

500

10 12 14 16 18 20 22 24
Time UTC

0o 2 4 6 8

Ficgure 5: The PBL height as obtained from the Batchvarova and
Gryning model (red line) and radiosonde (blue star) for 14 June
2010. The three red lines correspond to different w; values, as
discussed in the text. Black lines indicate the top of the aerosol
layers, as detected by the DWT on lidar data, showing the associated
indetermination. The aerosol layers enclosed in the green box are
associated to hazy layers that likely do not mark off the PBL.

In Figure 5, the behaviour of the PBL height computed
using the model for 14 June 2010 is shown as a red line, for
the values of 3.0, 3.5, and 4.0 cms~!. The maximum value
(always reached at 1330 UTC) ranges between 885 m and
750 m, depending on the value of w;.

The early morning haze does not permit to identify the
PBL height by the gradient method with accuracy, since the
large aerosol backscatter cross section relative to such layers
usually masks the weaker gradients connected to changes in

the aerosol vertical distribution. As shown in Figure 5, the
Batchvarova and Gryning model predicts a PBL height be-
tween 150 m and 300 m while the lidar observations show
clouds up to 1 km (green box).

Considering the sensitivity of the model to the values of
ws, during the evening (19 UTC-24 UTC), the PBL height
obtained by the model presents a substantial agreement with
the aerosol layer between 400 and 500 m ASL. Moreover, the
wavelet method detects the top of the PBL aerosol/haze,
while the model considers the entrainment zone as a null
thickness layer.

Considering that the PBL heights determined by the
specific methods are based on a different definition of PBL,
the comparison of the results obtained, presented in Figure 5,
is satisfying.

Table 1 resumes the advantages and drawbacks of each of
the three techniques presented in this study, depending on
the different meteorological conditions or due to different
spatial and temporal resolutions which can be achieved. An
integration of the three techniques would provide an accu-
rate determination of the PBL height in different meteoro-
logical conditions.

During the spring-summer season, when convective
structures of the PBL are frequently observed, the aerosol re-
presents a good tracer to estimate the PBL height. The avai-
lability of the lidar data during the day allows to study the
daily evolution of the PBL height, while the radio sonde pro-
vides only one (or few) measurements per day.

The analysis showed that under suitable conditions the
gradient method allows the determination of aerosol layers



over the Svalbard region. Nevertheless, in case of multiple
layers, the attribution of the PBL top still remains uncertain
with automated algorithms, and physical constraints have to
be applied to determine the PBL height. A methodology to
routinely take into account the physics behind the PBL dy-
namics, assimilating the model prediction in the retrieval
algorithm is under development. An example of such ap-
proach is described in di Giuseppe et al. [44]. This will likely
allow to automatically use Lidar to determine the PBL height
and build an extensive data base of PBL height, determined
from lidar observations at this site.

4. Conclusions

Lidar observations have been used to determine the PBL
height at the Arctic site of Ny Alesund, Svalbard, Norway. The
gradient method has been applied to a dataset covering one
day (June 14, 2010) with a convective PBL, typically occur-
ring in the spring early summer season in the Arctic. The
logarithm of the range-corrected signal collected by the lidar
was processed by a Discrete Wavelet Transform method to
determine the inflection points in the aerosol backscatter
profile. The aerosol layers found in such way have been com-
pared with radiosonde-based estimate of the PBL height and
with the one dimensional zero order Batchvarova and Gry-
ning model.

The results showed a good agreement, considering the
differences among the various methods involving several ob-
servables and instruments, and different approaches based
on distinct physical processes. In favourable cases the grad-
ient method may work automatically providing reliable re-
sults, as in the midday period, while more sophisticated algo-
rithms are being developed to deal with more complex con-
ditions.

In spite of the drawbacks inherent to the gradient method
and the difficulties in comparing estimates from different
approaches, the results obtained encourage to apply this me-
thod to a wider data set. A future measurement campaign is
planned for 2012, in order to perform an analysis by using
the different methods on an extended set of data covering
various boundary layer conditions.
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