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Abstract. The height of the atmospheric boundary layer is derived with the help of two
different measuring systems and methods. From radiosoundings the boundary layer height
is determined by the parcel method and by temperature and humidity gradients. From
lidar backscatter measurements a combination of the averaging variance method and the
high-resolution gradient method is used to determine boundary layer heights. In this paper
lidar-derived boundary layer heights on a 10 min basis are presented. Datasets from four
experiments – two over land and two over the sea – are used to compare boundary layer
heights from both methods. Only the daytime boundary layer is investigated because the
height of the nighttime stable boundary layer is below the range of the lidar. In many sit-
uations the boundary layer heights from both systems coincide within ±200 m. This corre-
sponds to the standard deviation of lidar-derived 10-min values within a 1-h interval and is
due to the time and space variability of the boundary layer height. Deviations appear for
certain situations and depend on which radiosonde method is applied. The parcel method
fails over land surfaces in the afternoon when the boundary layer stabilizes and over the
ocean when the boundary layer is slightly stable. An automatic radiosonde gradient method
sometimes fails when multiple layers are present, e.g. a residual layer above the growing con-
vective boundary layer. The lidar method has the advantage of continuous tracing and thus
avoids confusion with elevated layers. On the other hand, it mostly fails in situations with
boundary layer clouds.

Keywords: Atmospheric boundary layer height, Convective boundary layer, Residual layer,
Lidar, Radiosounding.

1. Introduction

The link between the earth’s surface and the atmosphere is the atmospheric
boundary layer (ABL) in which heat, momentum, gaseous constituents and
aerosols are transported from and to the earth’s surface. The general defi-
nition of the ABL by Garratt (1992) is “the layer of air directly above the
earth’s surface in which the effects of the surface . . . are felt directly. . .”.
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Surface as well as large-scale synoptic influences determine the structure of
the ABL. The ABL is incessantly changing both in space and time depend-
ing on orography, surface cover, season, daytime and weather. The vertical
extent of the ABL may vary from less than one hundred metres to several
thousand metres.

Over land the ABL undergoes a typical daily course responding to the
sensible heat flux at the surface. In the morning the well-mixed convective
boundary layer (CBL) is growing and often reaches its maximum height
in the early afternoon. In the afternoon with decreasing surface sensible
heat flux the mixing weakens and the CBL gradually changes into a neu-
tral boundary layer that has a short-lived state between positive and neg-
ative sensible heat fluxes at the surface (Sorbjan, 1989). Around sunset a
stable boundary layer evolves in which mechanically generated turbulence
is damped by stability effects. The region of the CBL of the day before is
called the residual layer (RL).

Over the oceans the daily cycle of the surface sensible heat flux is absent
and often a persistent boundary layer with a capping inversion is observed.
This layer is a well-mixed CBL when the sea surface temperature is higher
than the air temperature – e.g. during cold air outbreaks – but also a stable
marine boundary layer exists over cold oceans or during periods of warm
air advection.

The height up to which sensible heat is transported is denoted the top
of the ABL. According to Stull (1988) the top of the CBL is the height of
the most negative sensible heat flux and may be situated well in the mid-
dle of the entrainment zone. Competitive definitions are the strongest inver-
sion height and the height in which a rising air parcel becomes neutrally
buoyant. Since passive scalars are accumulated in the ABL and therefore
large gradients of aerosol concentration or water vapour density occur at
the inversion capping the ABL those gradients are also suited for defining
the top of the ABL (Stull, 1988). The top of the stable boundary layer is
more difficult to determine, and can be defined as the height of vanishing
temperature gradient or can be derived from turbulence measurements or
from dynamic definitions.

Additional problems arise if the cloud-topped ABL is considered because
radiation and condensation play a role. This changes the overall structure of
the ABL (Garratt, 1992). The simplest case is that of well mixed and fully
coupled cloud and sub-cloud layers. The top of this ABL is the inversion
capping the cloud layer. The marine ABL is often a cloud-topped ABL with
preference to stratocumulus, cumulus and stratus clouds.

The correct simulation of the height of the boundary layer is crucial for
many aspects of air quality management and forecasting. Usually compari-
sons of modelled and measured ABL height are done with radiosonde data
(e.g. Cleugh and Grimmond, 2001; Joffre et al., 2001) but new measuring
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systems allow for extended comparison (Batchvarova and Gryning 1994;
Flamant et al., 2001).

Determination of the ABL height from radiosoundings is the most com-
mon method since routine soundings of temperature, humidity and wind
are available all over the world. But it is well-known from field experi-
ments that the mixing height strongly varies both in time and space (Stull,
1988; Banta and White, 2003). Thus an observation along a single line
like a radiosonde track is just an estimate of the mixing height. Seibert
et al. (2000) compared methods for the ABL height determination from
radiosoundings and other instrumentation and listed advantages as well
as shortcomings of all examined systems. Since there has been consider-
able progress in development and improvement of remote sensing systems,
there now are lidar systems available that can continuously record atmo-
spheric variables like backscatter or water vapour concentration and thus
give continous records of mixing height. Lammert and Bösenberg (2005)
have shown that backscatter lidar systems are a promising tool for tracing
the boundary layer.

In this study boundary layer heights determined by the MPI water
vapour lidar are compared with standard methods from radiosoundings.
Emphasis is on the convective boundary layer and the residual layer
because the top of the nocturnal stable boundary layer often is too low to
be captured by lidar. Data over land and sea are presented.

2. Datasets

Four different measurement campaigns were chosen with conditions as
different as possible. The first campaign is the concentrated field effort of
the BALTEX (Baltic Sea Experiment) project PEP (Pilot study of evapora-
tion and precipitation in the Baltic Sea) in September/October 1998, which
is described in Smedman et al. (1998). One site was the small island Öster-
garnsholm near Gotland, Sweden (57◦26′ N, 18◦ 59′ E) where radiosondes
were launched two or four times a day. The MPI lidar was operated at the
eastern coast of Gotland, approximately 4 km away from Östergarnsholm.
Some radiosoundings from Visby at the western coast of Gotland are also
used.

The second campaign took place in June and July 1999 near the island
of Nauru in the Pacific, Nauru99, (ARM Program, 1999a,b). The MPI-
DIAL system was installed on board the NOAA research vessel Ronald
H. Brown. Part of the campaign took place near a TAO station (Tropical
Atmosphere Ocean project) at 2◦ S, 165◦ E for several days, and the inves-
tigation of the so-called island effect, which is described in Ertel (2004).
During this campaign in situations with large fetch over water the marine
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tropical atmosphere was observed by the MPI-DIAL in continuous oper-
ation and under clear sky conditions. Radiosoundings also took place on
board the Ronald H. Brown. The dataset used for this study is chosen from
the open sea position next to the TAO buoy, 200 km away from the island
of Nauru and from a position 50 km away from the island.

The third dataset originates from the WVIOP (Water Vapor Inten-
sive Observation Period) of the Atmospheric Radiation Measurement
(ARM) Program at Oklahoma, USA (36◦37′ N, 97◦30′ W) in the Southern
Great Plains (SGP) in September/October 2000 (see ARM Program, 2000;
Revercomb et al., 2003). The measuring conditions were mostly high air
temperatures and clear sky. During this campaign the radiosoundings of
the ARM program can be used for comparisons. The lidar was installed
only 100 m away from the release point of the sondes.

The last dataset was obtained at Lindenberg, Germany (52◦10′ N,
14◦07′ E) near the Meteorological Observatory Lindenberg (MOL) of the
German Weather Service during two campaigns in September 2002 and
May/June 2003. The measurements were part of the German evapo-
ration experiment LITFASS-2003 (Lindenberg Inhomogeneous Terrain–
Fluxes between Atmosphere and Surface, a long-term study) within the
project EVA-GRIPS (Regional Evaporation at Grid/Pixel Scale) (Beyrich
et al., 2004). Above all, in May/June the conditions were extremly dry
(second driest spring in the last 100 years at Lindenberg) and hot. Radio-
sondes were launched at MOL approximately 5 km away from the lidar
location.

In total, 90 radiosoundings and simultaneous lidar measurements are
compared.

3. Determination of the Atmospheric Boundary-Layer Height

3.1. Radiosonde

Several methods to determine the top of the ABL exist in accordance
with the different definitions given in Section 1. A discussion of some
methods – partly combined with ground measurements of more sophisti-
cated quantities like surface sensible heat flux – can be found in Seibert et
al. (2000). The most reliable method for deriving the CBL height is the par-
cel method, determining the height of intersection of the actual potential
temperature profile with the dry-adiabatic ascent starting at ‘near-surface
temperature’. Passive constituents like aerosols and gases are expected to
be vertically well mixed within this layer. The method is often extended by
adding a surface temperature excess δ�v, where �v is the virtual potential
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temperature (Seibert et al., 2000). In this study the parcel method is used
with the radiosounding temperature at the lowest reported level.

Similar to the parcel method is the method that is based on the bulk
Richardson number for the boundary layer. The ABL height is determined
as the first height where the bulk Richardson number exceeds a critical value,
which is determined as 0.25 by Seibert et al. (2000). Troen and Mahrt (1986)
apply this method to model output data and Vogelezang and Holtslag (1996)
discuss it for stable and near-neutral boundary layers. In the present study
radiosonde wind data were only available for Lindenberg. Comparison of
the ABL height derived from the parcel method and from the bulk Richard-
son number shows that there is almost no difference (correlation coefficient:
0.98, standard deviation: 0.009, bias=−0.84). So in the following the parcel
method is used.

The other methods applied in this study refer to gradients at the top
of the ABL and thus apply to the residual layer as well. We evaluate the
height of the strongest gradients of potential temperature, relative humidity
and absolute humidity. The latter method is comparable to the determina-
tion of ABL height from lidar data. The height resolution of the radioson-
des is 10 m for Oklahoma, 25 m for Nauru and approximately 25 m below
1000 m and 50 m above 1000 m height for Gotland and Lindenberg. The
different methods are applied automatically, rather than controlled indi-
vidually. The gradient methods are restricted to the lowest 3000 m in this
study. Figure 1 shows examples of temperature and humidity profiles and
the derived height of the ABL.

In many cases the four methods give the same ABL height (Figure 1,
upper left). Sometimes only the gradient methods agree well, but the parcel
method yields a lower ABL height or even fails (Figure 1, upper right and
lower left). The methods tend to differ particularly in situations when the
near-surface temperature starts to decrease (Figure 1, lower left) or when
multiple gradient layers are present (Figure 1, lower right). Scatter plots
illustrate the typical deviations of the different methods (Figure 2). ABL
heights obtained from the standard parcel method are often lower than
those from gradient methods (Figure 2, upper left), whereas the tempera-
ture and humidity gradient methods show some unsystematic scatter in the
determined ABL height (Figure 2, upper right). The two humidity gradient
methods agree well, which is an indication that the relative humidity gra-
dient is mainly specified by humidity rather than by temperature (Figure 2,
lower).

3.2. Lidar

Lidar techniques use the emitted light that is backscattered by aerosol
particles or molecules for range resolved determination of atmospheric
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Figure 1. Profiles of potential temperature (solid line) and absolute humidity (dashed line)
measured by radiosonde. Upper left: 10 June, 2003 1045 UTC at Lindenberg; Upper right:
26 June, 1999 0226 UTC near Nauru; Lower left: 10 June, 2003 1645 UTC at Lindenberg;
Lower right: 21 May, 2003 1045 UTC at Lindenberg. The horizontal lines in the figures
mark the radiosonde-derived boundary layer heights from the parcel method (solid line), the
temperature gradient method (dotted line), absolute humidity gradient (dashed line) and rel-
ative humidity gradient (dashed-dotted line).

parameters. The MPI-DIAL (Differential Absorption Lidar) is a vertically
aligned water vapour lidar, which also measures the backscattered light
over a range of several kilometres with a temporal resolution of 10 s and
a vertical resolution of 15 m. Clouds containing water droplets cannot be
sensed by lidar. Due to the effect of high absorption and scattering within
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Figure 2. Scatter plots of ABL height determined from different radiosonde methods. Upper
left: temperature gradient method versus parcel method, upper right: relative humidity ver-
sus temperature gradient method, lower: relative humidity versus absolute humidity gradient
method.

clouds the lidar signal is not reliable within and above clouds. Backscat-
ter signals exceeding the range of the detector are blinded out. There-
fore the base of a cloud is well detected by lidar – beginning of ‘detector
overload’ – but the top of a cloud can in most cases not be detected
because the signal is attenuated too much. Further information on the
DIAL system can be found in Bösenberg (1998), Wulfmeyer and Bösenberg
(1998) and Ertel (2004).

For the determination of the ABL height from lidar, two different char-
acteristics of the well-mixed CBL can be used. First, the high temporal var-
iability of trace substance concentration in the transition or entrainment
zone between the CBL and the free troposphere is used. In the growing
ABL the transition zone is characterised by entrained clear and dry air
from the free troposphere and polluted and humid air transported by sin-
gle convective eddies (see Stull, 1988). This induces a maximum in the ver-
tical profile of the variance of the backscattered signal, the height of which
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is taken as the average ABL height. Variances are calculated on a 30-min
basis. This is not an adequate averaging time for the determination of vari-
ances in the CBL but sufficient for determining the height of the variance
maximum.

In the second approach, the difference – or gradient – of the aerosol
and humidity loaden ABL air and the clean and dry free troposphere air
is used. This method applies for each 10-s profile. The height of the abso-
lute minimum in the backscatter gradient profile is taken as the instan-
taneous ABL height (see also Cohn and Angevine, 1999, Davis et al.,
1999; Flamant et al., 1997). This height marks the strongest decrease of
the backscatter signal with height and thus the top of the aerosol-loaden
ABL.

The gradient method is rather sensitive to local minima in the profile
– either atmosphere- or noise-induced – which nearly always occur in a
turbulent ABL. Therefore this method is combined with the integrative var-
iance method (see Lammert, 2004; Lammert and Bösenberg, 2005) to use
the strength of the variance analysis to detect the presence of convective
mixing. For that the dataset was split into time intervals of appropriate
length – here: 30 min – which were analyzed with the variance analysis.
The result is a time series of the average ABL height. In the same time
intervals the gradient method was applied on the individual profiles with
a temporal resolution of 10 s within a prescribed height interval around
the result of the variance analysis. The choice of the height interval, 350 m
in the shown case, is somewhat arbitrary and may be different for differ-
ent situations. However in a wide range of observations this value does
not affect the results of the gradient method. This procedure yields reliable
high-resolution CBL heights. It is an automatic method that only needs the
specification of a starting height interval for determining the first variance
maximum.

Lammert (2004) has shown that the analysis of profiles of backscat-
ter and water vapour gives the same results. An example of the resulting
timeseries is shown in Figure 3. Panel A contains 30-min values from the
variance method, panel B 10-s values from the gradient method. Panel C
shows that the differences between both methods on a 30-min basis are
�5% after averaging of the gradient method heights.

Figure 4 shows the time-height cross-section of the absolute humidity
for the May 30, 2003. The black stars mark the time series of the instan-
taneous CBL height with 10-min smoothing. The strong increase of height
with day time is as well recognised as the structure of single plumes, e.g.
between 1300 and 1400 UTC.

For nighttime measurements the residual layer is determined by the gra-
dient method. The variance analysis cannot be applied because convective
processes are absent.
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(a)

(b)

(c) (a−b30min)/a

Figure 3. Lidar determination of the CBL height. Results of the variance analysis (a) with
30-min resolution, the gradient method (b) with 10-s resolution and the difference between
both with 30-min resolution (c) for 30 May, 2003 at Lindenberg.

Figure 4. Time-height section of absolute humidity for May 30, 2003 at Lindenberg with
time series of 10-min averaged ABL height.
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4. Comparisons

4.1. Lidar-derived boundary layer height on a 10-min basis
and on a 1-h basis

During all campaigns the lidar-derived ABL height is determined for
10-min time intervals. Those values are then averaged to mean 1-h values
with related standard deviations. In Figure 5 the 10-min and 1-h boundary
layer heights centered around the radiosonde launch times are compared.
The differences as well as the standard deviations characterise the variabil-
ity within 1 h. The maximum difference is 150 m, the maximum standard
deviation within the 1-h interval can be as large as ±200 m. The main rea-
son for the deviations releates to what are probably single convective eddies
with a time scale of several minutes. This range of uncertainty is assumed
to describe the spatial variability of ABL height as well and can be applied
for lidar and radiosonde comparison, too.

In the following, lidar-derived boundary layer height values are com-
pared with radiosonde-derived boundary layer heights.

4.2. Lidar-derived boundary layer height on a 10-min basis versus
radiosonde parcel method boundary layer height

The parcel method appears to be the appropriate radiosonde method to
determine the height of the CBL since it comes nearest to the definition
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Figure 5. Scatter plots of boundary-layer heights derived from lidar for a 10-min and a
1-h time interval, the latter with error bars representing the variability within 1 h.
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of the well-mixed layer that is driven by the surface sensible heat flux (see
also Seibert et al., 2000). But the dataset also contains the neutral or sta-
ble ABL. So the comparison with lidar-derived boundary layer heights also
shows deviations. In Figure 6 scatter plots of both ABL heights are pre-
sented separately for land and sea.

Over land surfaces (Figure 6, upper panel), there is a considerable
number of radiosonde-derived ABL heights that are larger than those
derived from lidar. The average deviation is 400 m with a tendency to
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Figure 6. Scatter plots of boundary layer heights derived from lidar and from radiosonde
parcel method over land (upper panel) and over sea (lower panel).
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increase with increasing boundary layer height. These are cases with cloud-
topped boundary layers and apparently the two systems provide different
ABL heights. This topic is discussed in the next section. Some radio-
sonde-derived ABL heights are smaller than lidar-derived heights – in
the extreme case with zero height. They are observed in the late after-
noon when the near-surface temperature decreases, the boundary layer
becomes stably stratified (see e.g. Figure 1, lower left panel). In those
cases the parcel method no longer works whereas the lidar method
still detects the top of the layer that gradually turns into the residual
layer.

The Nauru and Gotland data show the largest deviations between the
two methods (Figure 6, lower panel). The reason is that the observed
persistent marine boundary layer with a clear temperature and humidity
gradient on top are nearly always slightly stably stratified. Thus the parcel
methods fails in those situations.

4.3. Lidar-derived boundary layer height on a 10-min basis versus
radiosonde humidity gradient boundary-layer height

The radiosonde-derived humidity gradient method in many cases agrees
well with the lidar method, as shown in Figure 7, but there is a consid-
erable number of cases where the ABL heights derived from the gradient
method are larger than those from the lidar method.

Over land (Figure 7, upper panel), these deviations mostly occur in
morning situations with a humid residual layer lying above the growing
CBL. The radiosonde gradient method often captures the height of the
residual layer due to its strong humidity gradient. The lidar method that
uses the time variability is capable of determining the height of the grow-
ing CBL. Figure 11 (upper panel) illustrates the existence of two layers in
the morning with a well pronounced residual layer.

Boundary layer heights over the ocean in many cases do not coincide.
While lidar-derived ABL heights mostly cover a range of 600–900 m, radio-
sonde-derived heights can be as large as 1300 m. This disagreement can be
explained by the ABL structure over the ocean. The ABL over the tropical
Pacific typically consists of a near-neutral lower layer with uniform, large
humidity and a stable upper layer with decreasing humidity that is capped
rather by a humidity gradient than by a marked inversion. Figure 8 illus-
trates the temperature and humidity stratification.

The upper layer is the cloud layer, but mostly there were scattered
clouds and lidar measurements preferably took place in sunny intervals.
Lidar apparently captures the lower boundary while radiosoundings often
capture the top of the cloud layer.
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Figure 7. Scatter plots of boundary layer heights derived from lidar and from radiosonde
humidity gradient method over land (upper panel) and over sea (lower panel).

The scatter plots of lidar ABL heights versus ABL heights determined
from the temperature gradient method or the relative humidity gradient
method look similar to Figure 7 and are therefore not reproduced here.

5. Discussion

Figures 6 and 7 clearly show the scatter of the ABL height that is
derived simultaneously from different data and methods. The main devia-
tions of ABL height derived from different methods are due to different
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Figure 8. Radiosonde temperature (solid line) and humidity profiles (dashed line) on 30
June, 1999 1430 UTC near Nauru; horizontal lines as in Figure 1.

characteristics of the ABL height that are the basis for the analysis. As
mentioned in Section 4.2 the parcel method fails over land in the late after-
noon when convection weakens and the boundary layer stabilizes. It often
fails in the persistent marine ABL that is slightly stable. On the other
hand, the gradient method may fail when a layer with strong gradients
lies above the ABL. This is often the case in the morning when a residual
layer is lying above the evolving convective boundary layer. An automatic
procedure of only one particular method for radiosonde data is therefore
not recommended. The method to derive ABL height from lidar backscat-
ter data has the advantage to combine two characteristics of the ABL –
namely the variance within the entrainment zone and the gradient on top
of the ABL – and thus in most cases gives reliable results.

But there are also situations with advected layers above the ABL that
are associated with strong gradients, as e.g. reported by Johansson et
al. (2005). Here an automatic procedure may wrongly detect the upper
height as the ABL height. This is illustrated by the time-height section
of the backscatter signal and the radiosounding on 1 November, 1998
(Figure 5, the upper figure is taken from Johansson et al., 2005). In
the time-height section both layers can be traced throughout the day.
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The upper layer which is partly marked by clouds (white colour, between
0900 and 1200 UTC and after 1500 UTC) has a varying height of more
than 1500 m in the morning when a cloud deck is the top of the layer
and between 1200 and 1400 m after noon. The lower layer, which is the
marine boundary layer, varies between 300 and 700 m. The parcel method
and the absolute humidity gradient method well capture the top of the
lower layer as the ABL height, but the temperature gradient and relative
humidity gradient method capture the top of the cloud layer as the ABL
height.

A general problem of ABL height determination from different instru-
ments remains due to the large spatial and temporal variability of this fea-
ture. Figure 5 demonstrates this by the standard deviation of 10-min val-
ues within one hour. Figure 10 depicts the time series of CBL heights
derived from lidar. One clearly sees the development of the mixing height
and its variability, which is dominated by the large convective eddies. The
agreement of radiosonde-derived mixing heights and lidar-derived values
depends on whether the same updraft or downdraft element is met. It is
obvious that the radiosounding reproduces rather a snapshot of the vari-
able ABL than an averaging instrument does. But the differences between
both methods are not found to be as large as supposed by Stull (1988),
who postulated maximum differences of 40% of the CBL height. Appar-
ently, there is no systematic deviation of the CBL heights over land derived
from lidar and radiosonde for the late morning and afternoon time. Thus
the height of the growing CBL and the height of the fully convective
CBL – which are captured e.g. by the radiosonde launch times 1045 UTC
and 1645 UTC at Lindenberg – is determined by both systems with the
same uncertainty.

Boundary layer clouds pose an additional problem to the correct deter-
mination of the ABL height. The heat release due to condensation makes
the ABL extend higher and its top is marked by the top of ABL clouds.
The lidar signal is weakened so much by extinction in boundary layer
clouds that sensing of the higher parts of clouds and their tops is not often
possible. In cases of scattered clouds there are cloud-free intervals that can
be sensed, but these are preferably the downdraft intervals with smaller
ABL heights. An example of a day with boundary layer clouds is presented
in Figure 11. Clouds are depicted by large increase of backscatter (white
color). The radiosounding at 1045 UTC yields a ABL height of 2800 m,
which apparently is the top of the boundary layer clouds, while the lidar-
derived ABL height is as low as 1800 m. This is approximately the height
of the cloud base. Without further information the lidar method, which is
based on variance increase, tends to detect rather the cloud-bottom level
than the cloud-top level.
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Figure 9. Upper panel: Time-height section of the logarithmic derivative of the range cor-
rected signal of the DIAL on 01 November, 1998. Lower Panel: Radiosonde temperature
(solid line) and humidity profiles (dashed line) on 01 November, 1998 1000 UTC at Got-
land; horizontal lines as in Figure 1.
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Figure 10. Height of an evolving convective boundary layer determined by lidar and radio-
sonde humidity gradient method on 10 June, 2003 at Lindenberg.

6. Concluding Remarks

The comparison of ABL height determined by radiosondes and simulta-
neous lidar backscatter reveals a good agreement in situations where the
evolution of the CBL is clear. The average deviation between the meth-
ods is ±200 m. This is comparable with the hourly standard deviation of
10-min values of ABL height derived by lidar.

The differences between lidar-derived and radiosonde-derived ABL
heights are due the variability of the ABL and due to certain stratification
patterns in the lower troposphere. The growing CBL can be captured with the
same accuracy as the fully convective CBL. Similar comparisons of different
methods for the determination of the entrainments depth by Beyrich and
Gryning (1998) with sodar show good agreement of all methods for growing
CBL. This may suggest that in this phase of the CBL evolution the height is
better defined. But on the other hand the time variability is larger and the
agreement of the lidar-derived and radiosonde-derived CBL height at the
radiosonde launch time is not better than at other times.

Large differences occur if the systems analyse different structures. Over
land surfaces this mostly occurs with inversion layers at upper heights
like the residual layer of the day before. The radiosonde launch time
1045 UTC is a critical time in central Europe since the new ABL may
not have reached the residual layer and thus two layers are present. The
same problem arises at all locations where radiosondes are launched in
morning hours. At those times the parcel method is more appropriate for
radiosonde data than any of the gradient methods. In the afternoon, the
humidity gradient is a better indicator of the boundary layer height when
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Figure 11. Upper panel: Time-height section of the logarithmic derivative of the range cor-
rected signal of the DIAL on 2 June, 2003. Lower panel: Radiosonde temperature (solid line)
and humidity profiles (dashed line) on 2 June, 2003 1045 UTC at Lindenberg; horizontal
lines as in Figure 1.

the near-surface temperature decreases and the parcel method fails. Over
the ocean a radiosonde gradient method is recommended because the per-
sistent marine boundary layer is often slightly stable.

Radiosoundings yield estimates of the variable ABL height for a certain
time and space and should be interpreted within a range of uncertainty. Lidar
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systems continuously show the evolution of the convective ABL and thus
ABL height determination is more consistent and avoids errors like tracking
higher layers. Moreover, they quantify the variability of the ABL height.

The greatest problems to correctly derive ABL heights from lidar arise
from boundary-layer clouds. The system either detects the base of a cloud
or – between clouds – the top of the ABL in the downdraft region. Fur-
ther work has to concentrate on automatic detection of clouds in the back-
scatter signal and on determination of the cloud top in cases of semi-
transparent cloud.
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