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Retrieval algorithms for aerosol elastic backscatter lidars are most commonly based on a signal inversion known 
as the Klett solution. While often used, a sign error in the original publication has barely been mentioned or 
recog-nized in the scientific community. In this study, we present a corrected Klett inversion and a sensitivity 
analysis of its implementation under different atmospheric conditions. We show that the error’s dimension 
depends on multiple factors, thus preventing trivial a posteriori corrections on the results calculated with the 
original, uncorrected Klett solution. Comparing the uncorrected with the corrected Klett solution, long 
integration pathways in combination with low aerosol concentrations lead to substantial relative deviations of 
more than 100%, whereas short integra-tion pathways with high aerosol concentrations considerably reduce the 
relative deviations to magnitudes around 15%. The higher the altitude of layers with increased aerosol 
concentrations, the higher the deviations due to the incorrect usage of Klett’s inversion, however on a slight level 
(≈ 1%).

published, as, e.g., discussed in [6]. With his publication in
1972, Fernald presented a fundamental analytical approach to
solve the lidar equation under the consideration of both molecu-
lar and particle signal contributions [7]. A major breakthrough
in elastic backscatter signal processing was Klett’s publication
in 1981 [8], where, under the assumption of a power law rela-
tionship between volume backscatter and volume extinction
coefficient, an analytical inversion solution to the lidar equation
was developed. By reversing the bounds of integration, leading
to an integration from high to low altitudes, this inversion algo-
rithm proved to be mathematically stable without the need of
additional measurements for lidar calibration. This solution,
however, did not account for a molecular contribution in the
lidar signal. Additional and equally important publications on
the lidar signal inversion problem have been made by Fernald
[9] and Sasano et al . [10]. The criticism on Klett’s first solution
contained therein was addressed in a follow-up publication by
Klett in 1985. With this publication [11], Klett finalized the
lidar inversion algorithm known as the “Klett–Fernald–Sasano
algorithm.” Therein, a finalized equation for the retrieval of
aerosol backscatter coefficients under the consideration of
molecular Rayleigh scattering is provided. Also, this inversion
algorithm includes additional improvements with respect to
variable backscatter-to-extinction ratios over height. However,
due to his original idea of a backward integration scheme,

1. INTRODUCTION

Aerosols are involved in multiple important processes that not 
only have a direct impact on air quality, but also influence cloud 
formation and the Earth’s radiation budget [1]. Furthermore, 
observed composition and distribution of aerosols can deliver 
valuable information about atmospheric transport dynamics 
[2]. In addition, satellite-based atmospheric observations often 
need a priori information on aerosol optical depth. Therefore, 
it is important to obtain accurate measurements of the content 
and composition of aerosols in the atmosphere.

To measure the prevailing aerosol content in the atmosphere, 
elastic backscatter lidars are systems that are the most easy to 
implement and operate. Hence, even stratospheric measure-
ments of aerosols were conducted shortly after the first lasers 
were constructed and employed into lidar systems in the early 
1960s [3]. Since then, lidar aerosol observations have become 
an increasing focus of research, also for instrument calibrations 
of satellite systems (e.g., [4,5] and references therein). However, 
accurate measurements of aerosol’s optical backscatter and 
extinction characteristics have been and still remain challenging.

This is due to the fact that the lidar equation [Eq. (1)] for 
elastic backscatter lidars is an underdetermined equation. 
Therefore, information on either the volume backscatter coef-
ficient or the volume extinction coefficient has to be collected 
a priori, calling for additional observational data of one of 
those two. Several approaches to tackle this problem have been
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this inversion is most commonly simply referred to as Klett’s
solution.

By now, technologically more sophisticated lidar concepts
have been developed, allowing for more accurate and versatile
determination of aerosol properties, offering the advantage of
more accurate results without a priori assumptions on the lidar
ratio. Examples include high spectral resolution lidar (HSRL,
[12]), or systems using Raman backscatter and combinations of
multiple wavelengths (e.g., [13,14]). Nevertheless, despite its
age and accompanying uncertainties, elastic backscatter coef-
ficients measured with lidars, in some cases as a byproduct, still
deliver valuable information on the atmospheric aerosol content
and are therefore frequently used (e.g., [15–17]). For this pur-
pose, Klett’s inversion scheme still is a state-of-the-art method.
However, Klett’s renowned 1985 publication is afflicted by a
sign error. This was first noticed by Kaestner in 1986, shortly
after Klett’s publication [18]. Nonetheless, based on the amount
of citations, this important erratum has not gained its appropri-
ate degree of recognition. In addition, there are indications that
the sign error is still repeatedly adopted, presumably due to lack-
ing knowledge of its existence. A very rare example in which the
sign error is directly mentioned, though not explicitly explained,
can be found in a publication of Zavyalov [19]. Fortunately,
large parts both within literature and the lidar community have
tacitly corrected the sign error (e.g., [20–25]). Unfortunately,
error descriptions and clear guidance on how to properly use the
inversion algorithm are lacking, which still leads to confusion.
Interestingly, many publications simply state to use the lidar
signal inversion according to Klett 1985 [11], without shar-
ing the specific formula they were using, and without further
comments on whether or not they have noticed the need for a
correction of the original signs (e.g., [26–30]). Although a cor-
rect implementation can probably be assumed in most cases, the
traceability is clearly affected. In conclusion, clear indications,
descriptions, or even warnings of the sign error are hardly ever
given. Moreover, in addition to the sign error itself, there are
further complications and pitfalls regarding the correct usage of
Klett’s inversion algorithm. A detailed description of problems
occurring in the inversion’s implementation will be given in the
following section. Given the unabated high relevance of Klett’s
1985 algorithm [11] in the field of elastic backscatter lidars, the
uncertainty regarding its possible incorrect implementation
is so high that a certain degree of propagation of this error has
to be assumed. Furthermore, the impact of using the wrong
formulation of the Klett solution has never been discussed in
quantitative terms. Therefore, this paper identifies at which
point a sign error occurs in the original publication and presents
a sign-corrected, stable solution derived from Klett’s original
inversion algorithm. To quantify the implication of the sign
error on the inversion results, several case studies are carried out
for multiple atmospheric conditions. This allows an estimation
of how different measuring conditions are affected by varying
intensities of aerosol load at multiple altitudes.

The mathematical details are described in Section 2, and the
results of the quantitative case studies as well as their implica-
tions are discussed in Section 3. Finally, a brief summary is given
in Section 4.

2. THEORY

This section focuses on a detailed derivation of Klett’s solution
and the point where a wrong sign was introduced in Klett’s
work [11]. As a result, we present a sign-corrected version of
Eqs. (20) and (22) from the original publication. The crucial
point we want to stress is the fact that the wrong sign is hidden in
Klett’s Eq. (20), serving as a substitute within his final Eq. (22).
A detailed description of the corrected Klett solution is given in
the development of our Eq. (9). Finally, the corrected equation
is further transformed into a version without logarithmic terms,
preventing numerical instabilities for profiles with very low
aerosol content [Eq. (10)].

As stated in the Introduction, Klett’s inversion from 1985
[11] is superior to the one he published in 1981 [8], as it spe-
cifically takes molecular Rayleigh scattering into account.
Therefore, the improved 1985 Klett inversion should be used
for calculating both backscatter and extinction coefficients, even
though it is not always done that way (e.g., [31–33]).

The starting point for all considerations behind Klett’s 1985
inversion is the well-known general lidar equation

P (r , λ)=C · β(r , λ) ·
1

r 2
· exp

[
−2

∫ r

0
α(r ′, λ)dr ′

]
, (1)

with P being the received power, C a lidar-dependent constant,
r the range from the lidar, and β and α the volume backscat-
ter and extinction coefficients, respectively. In addition, the
equation is dependent on the wavelength λ at which the lidar is
operated. For the sake of brevity, this dependence is omitted in
the notation of the following equations but always has to be kept
in mind. By introducing r0 as a constant reference range and
simplifying S(r )= ln(r 2

· P (r )), Klett [8] derives

S(r )− S0 = ln
β(r )
β0
− 2

∫ r

r0

α(r ′)dr ′, (2)

where S0 = S(r0) and β0 = β(r0). This equation shows to be
independent of the used lidar system. Deriving Eq. (2) by r then
leads to

d S(r )
dr
=

1

β(r )
dβ(r )

dr
− 2α(r ). (3)

From this point on, within his 1985 publication, Klett intro-
duces the lidar ratio B as a relation between backscatter and
extinction coefficients in a way that

β(r )= βP (r )+ βR(r )= BP (r )αP (r )+ BRαR(r ). (4)

Subscript P denotes the particle contribution, whereas R stands
for the molecular (Rayleigh) contribution on the backscatter
and extinction coefficients. The molecular lidar ratio is constant
over height with BR =

3
8π sr−1

≈ 0.119 sr−1. The particle lidar
ratio, however, is capable of having variable values over height.
If according a priori information is available, keeping BP (r )
height dependent leads to improved results [11]. However, the
values of BP (r ) are most often chosen to have constant, height-
independent values that best fit the prevailing atmospheric
conditions (e.g., [34]). Inserting Eq. (4) into Eq. (3) then leads
to the following:



d S(r )
dr
=

1

β(r )
dβ(r )

dr
− 2

(
βP (r )
BP (r )

+
βR(r )

BR

)
=

1

β(r )
dβ(r )

dr
−

2β(r )
BP (r )

+ 2βR(r )
(

1

BP (r )
−

1

BR

)
.

(5)

At this point, Klett introduces a new signal variable S ′(r )within
the substitute S ′ − S ′m , analogous to Eq. (2). However, as can
be seen in Eq. (21) in [11] and in Eq. (8) in this publication, this
definition can raise confusion as there is no single variable S ′ but
always the entire substitute (S ′ − S ′m)(r ). Therefore, we slightly
modify the original notation and change the name of the substi-
tute from S ′(r ) to S∗(r ). Besides that, sticking to Klett’s original
notation, in the following, the index m always refers to the far-
end reference range rm so that, e.g., Sm = S(rm). The choice of
the integration bounds results out of the important Klett 1981
publication [8], which led to improved mathematical stability
of the inversion algorithm as the integration starts from the far
end. At the introduction of the new signal variable S∗(r ) (called
S ′ in [11]), a wrong sign was noted in the original publication
[Eq. (20)]. Originally, the definition of the substitute S∗(r )
looks like this:

S∗(r ) : = (S ′ − S ′m)(r )= S(r )− Sm +
2

BR

∫ rm

r
βR(r ′)dr ′

− 2
∫ rm

r

βR(r ′)
BP (r ′)

dr ′

= S(r )− Sm + 2
∫ rm

r

(
1

BR
−

1

BP (r ′)

)
βR(r ′)dr ′,

(6)

while the correct substitute S∗(r ) should be

S∗(r ) := (S ′ − S ′m)(r )

= S(r )− Sm − 2
∫ rm

r

(
1

BR
−

1

BP (r ′)

)
βR(r ′)dr ′.

(7)

Here, it is very important to note that the error made in the
introduction of S∗(r ) [Eq. (6)] would propagate into Eq. (9)
and subsequently into the final Eq. (10), if not replaced by
Eq. (7). Only if the sign-corrected S∗(r ) [Eq. (7)] is included
does the following differential equation lead to the result of
Eq. (21) intended by Klett [11]. Due to the reverse integra-
tion with the reference value at the upper end, signs have to be
changed. This can be seen in the following differential:

d S∗(r )
dr

=
d S(r )

dr
−

2

BR

d
dr

∫ rm

r
βR(r ′)dr ′ + 2

d
dr

∫ rm

r

βR(r ′)
BP (r ′)

dr ′

=
d S(r )

dr
+ 2

βR(r )
BR
− 2

βR(r )
BP (r )

=
1

β(r )
dβ(r )

dr
− 2

βR(r )
BP (r )

− 2
βP (r )
BP (r )

+ 2
βR(r )
BP (r )

− 2
βR(r )

BR
+ 2

βR(r )
BR
− 2

βR(r )
BP (r )

=
1

β(r )
dβ(r )

dr
− 2

β(r )
BP (r )

.

Subsequently, volume backscatter coefficients can be calculated
as follows:

β(r )=
exp(S ′ − S ′m)

1
βm
+ 2

∫ rm
r

exp(S ′−S ′m )dr ′

BP (r ′)

. (9)

For easier comparability with the original Eq. (22) in [11],
we kept the notation S ′ − S ′m , which we introduced as
S∗(r )= (S ′ − S ′m)(r ) earlier. As can be seen, Eq. (9) is actually
identical in its notation with Eq. (22) from Klett 1985 [11].
However, it is very important to recognize that our Eq. (9)
refers to the substitute S∗(r ), which is now defined with cor-
rect signs [Eq. (7)]. We emphasize that typos can be found in
many manuscripts and that such faults in the final prints do not
always have to coincide with the actual, implemented method.
However, wrong equations with the original sign error from [11]
are occasionally published (e.g., [35–37]). In addition, another
sign error in the denominator, which cannot unambiguously be
assigned to the original sign confusion around Klett’s 1985 pub-
lication, has been used as well (e.g., [38,39]). Therefore, we see a
double check of the used inversion algorithm and all published
equations on this error as essential to prevent its further propa-
gation. In spite of the corrected sign error, one major drawback
of Eq. (9) is the asymmetry of the logarithm in the definition of
the signal variable S(r )= ln(r 2 P (r )), leading to strong signal
variations or even undefined values if the noisy signal values
draw near zero. This implies filtering or substitution of all values
P (r )≤ 0. Criticism on the use of the logarithm has already been
voiced by, e.g., [38] in 1995. Nevertheless, there are still exam-
ples in which the logarithm is used (e.g., [40,41]). In addition to
this issue, the logarithmic term can often be found in equations
that refer to Klett 1985 [11], but completely misinterpret the
substitute S∗(r ) from Eq. (7) in a way that it is falsely assumed
to be simply S∗(r )= S(r )− Sm (e.g., [42–48]). To avoid these
problems, we recommend using a transformed formulation
without a logarithm:

β(r )=
Ŝ(r ) · exp[Y (r )]

Ŝm
βm
+ 2

∫ rm
r

Ŝ(r ′)
BP (r ′)

· exp[Y (r ′)]dr ′
, (10)

with

Y (r )=−2
∫ rm

r

(
1

BR
−

1

BP (r ′)

)
βR(r ′)dr ′,

Ŝ(r )= r 2 P (r ).

This notation can easily be derived from Eq. (9) by conse-
quently applying the exponential function on the logarithmic
terms S(r ) and Sm in the substitute S∗(r ). If one considers
BP (r ′)= BP as being constant over height, this formula equals
the solution proposed by Fernald [9], which was published
before Klett’s publication in 1985 [11]. Here, Eq. (10) is free
of the sign error hidden in Eqs. (20) and (22) of Klett’s 1985
work and takes into account the possibility for variable BP (r ′).
This, or similar notations are well established (e.g., [10,25]).
We recommend using this formulation [Eq. (10)] for elas-
tic backscatter inversions if applying Klett’s original 1985
algorithm.



3. SENSITIVITY STUDY

After analytically correcting the sign error in Klett’s original
publication, its impact under differing atmospheric conditions
is not self-evident by looking only at the equation. Therefore,
in the following, the error caused by a wrong sign within Klett’s
substitution in the inversion algorithm is examined with the use
of both artificial and real lidar signals in varying atmospheric
conditions. With this, a classification on whether this error has
to be considered marginal can be achieved. To further simplify
the case study, all examples presented in this section are con-
sidered to be free of any overlap function. Furthermore, the
particle lidar ratio is kept constant for all case studies such that
BP (r )= BP = 1/50 sr−1. Also, all case studies assume the pres-
ence of optically relevant molecules, meaning that βR(r ) 6= 0.
In cases in which βR(r )= 0 (dust load in space in absence of a
gaseous atmosphere), the sign error does not affect the results as
can be seen from Eqs. (7) and (10).

A. Case Study with No Aerosol Load

In the first case, a simplified atmosphere with no aerosol con-
tent is assumed. For this case, an artificial lidar return signal is
generated [based on Eq. (1)], solely influenced by the molecular
Rayleigh backscatter derived from a U.S. standard atmosphere
[49]. For this first, aerosol-free condition, the lidar is assumed to
be situated at sea level. As the Klett inversion algorithm is basi-
cally an integration over height, a long integration path is chosen
with an arbitrary reference height at 2000 bin(1 bin =̂ 7.5 m),
i.e., at an altitude of 15 km above sea level (ASL).

While the correct implementation of Klett’s inversion
results in the expected βP (r )= 0 over the entire range, it can
be demonstrated that the uncorrected usage with the wrong
sign therein causes negative values of βP (Fig. 1). Those val-
ues magnify continuously in the negative range the closer
we get from high altitudes to the ground, reaching values
βP <−3 · 10−7 (m · sr)−1. Under realistic tropospheric condi-
tions at such altitudes, βP regularly exceeds much higher values
of the order of magnitude+10−5 (m · sr)−1. The error obtained
from this specific case study can thus be assumed marginal for
typical tropospheric conditions.

Fig. 1. Aerosol backscatter coefficients, calculated with the cor-
rected inversion equation (blue) and with the incorrect sign therein
(red).

Fig. 2. (a) (Un)corrected Klett inversion of aerosol backscatter
coefficients on the basis of a representative profile measured on Mount
Zugspitze, Germany. The calculated aerosol backscatter coefficients
at high altitudes are enlarged in the inset for better visibility. (b) shows
relative errors due to the incorrect usage with the wrong sign for a
selected range of altitude.

B. Case Study with Low Aerosol Load

To assess the sign problem in realistic surroundings with
low aerosol load, the second case is based on actual aerosol
measurements from a ground-based lidar. At an altitude of
2675 m ASL, the Garmisch–Partenkirchen aerosol lidar pro-
vides one of the longest time series of stratospheric aerosol
measurements [15]. We selected a characteristic profile from
January 2022 as representative for the case of an elevated
lidar, located above the planetary boundary layer and with the
capability of reaching high into the stratosphere. In this case,
measurements reach a height of over 46 km ASL, which corre-
sponds to roughly 5800 bins or 43.5 km above the lidar site. As
previously, the measured values of βP are again used to create an
artificial lidar return signal. As the Klett algorithm in the pre-
sented form assumes the reference height to be free of aerosols,
we set βP (rm)= 0. This is true for all presented case studies.
Analogous to the aerosol-free condition, using the uncorrected
inversion in this scenario results in smaller values for βP , as
displayed in Fig. 2(a). Again, the negative bias amplifies towards
lower altitudes (and with a longer integration pathway, respec-
tively), leading to negative values. Note that besides the fact
that the integration length is almost three times as long as in
the previous scenario, the values from the lowest layers are
still bigger than those from the aerosol-free scenario. But still,
the relative deviations between the corrected and uncorrected
results are very high [Fig. 2(b)]. The lowest values are around
20%, whereas the highest values by far exceed 100%, especially



below the altitudes shown in this plot. Interestingly, Fig. 2(b)
also shows that the discrepancies are getting remarkably smaller
by only increasing the aerosol content with constant factors.
Nevertheless, considering the clear negative signal, the usage
of the wrong algorithm under such atmospheric conditions
would immediately lead to a questioning of one’s own algorithm
implementation. Therefore, in this case, the error can be seen
as substantial. However, in cases of solely observing the strato-
sphere with an enhanced dust load, this might be overseen and
lead to misinterpretation of measurement results.

C. Case Study with High Aerosol Load

To account for the presented effect of a decrease of the relative
errors with higher aerosol loads, the third and last case study is
set to a lidar situated within the planetary boundary layer. Again,
we used measured values of βP , in this case from measurements
performed with a HSRL system. The measurement was per-
formed within the CHEESEHEAD campaign [50] during the
summer of 2019 in northern Wisconsin, USA. Contrasting
the site at Mount Zugspitze, the instrument was standing at an
altitude of ≈400 m ASL, within the planetary boundary layer.
To demonstrate the effect for high aerosol concentrations, we
selected a profile from a time period with a high aerosol load.
However, it has to be stressed that no major human aerosol
source was existent in proximity of this remote site. Concerning
measurements within the boundary layer, higher values of βP

are commonly observed at other measurement sites. Yet, the
maximum values of βP are two orders of magnitude higher
than those at Mount Zugspitze [Fig. 3(a)]. In contrast to the
formerly shown cases, here, the aerosol backscatter coefficients
do not reveal the usage of an incorrect algorithm as they do not
turn into negative values. Additionally, the relative deviations
between the implementation of the corrected and uncorrected
inversions become smaller, with a maximum of about 25%
(integration pathway: ≈ 16 km). Considering the occurrence
of higher aerosol concentrations, those relative discrepancies
can become even less [Fig. 3(c)]. As already indicated, the incor-
rect usage of the inversion should have a magnifying effect on
the error, which correlates with the length of the integration
path. This becomes evident in Fig. 3(d), where the reference
altitude is defined to be half the distance (≈8 km instead of
≈ 16 km). Given that aerosol concentrations in each height stay
the same, the relative deviations are now substantially smaller,
with maximum values of about 18%. The higher the aerosol
concentrations, the further the drop in differences between
implementations of the corrected and uncorrected inversion
algorithms. When even system inter-comparison studies result
in deviations of 10% or less, one might hardly question the
inversion algorithm but assume a system offset instead. By ana-
lyzing the relative deviations, we observe that high aerosol loads
remarkably reduce the differences. For example, for the intense
aerosol peak above 3 km, a simultaneous drop within the relative
deviations can be observed. Regarding the absolute deviations,
however, results show a different picture in two regards. First,
aerosol peaks show higher absolute discrepancies. Second, and
as a consequence of this, overall elevated aerosol concentrations
increase the absolute deviations, too [Fig. 3(b)].

Fig. 3. (a) (Un)corrected Klett inversion of aerosol backscatter coef-
ficients on the basis of a representative profile measured in northern
Wisconsin, USA. The calculated aerosol backscatter coefficients at
high altitudes are enlarged in the inset for better visibility. (b) Absolute
errors are compared with (c) relative errors. (d) Relative errors are also
shown for the case of the integration path length being halved. (a),
(b) Enlarged insets ease the interpretation of the calculated results for
specific altitudes.

As a last step, we focus on the question of how the incorrect
usage of the inversion with the wrong sign therein affects the
resulting backscatter coefficients, depending on aerosol layers at
different altitudes. Therefore, we assumed a scenario in which



Fig. 4. Relative errors induced by the incorrect usage of Klett’s
inversion for additional aerosol layers sharply defined within a range of
150 bin, introduced in different altitudes.

the vertical distribution of βR is again based on the U.S. stand-
ard atmosphere. To be independent of any natural structures
with enhanced aerosol in real data, we then added an artificial
vertical aerosol distribution with an exponential decrease over
height. The function parameters are chosen such that the after-
wards retrieved values of βP were within the same value range as
for the previously shown HSRL measurements. Finally, aerosol
steps with a vertical extent of 150 bins are introduced at different
altitudes. The increase of aerosol is set to always twice as much
as the aerosol backscatter coefficients at every single bin within
the aerosol layer. This artificial signal is retrieved with the refer-
ence altitude rm ≈ 16 km, analogous to the previously shown
CHEESEHEAD example. We find that the relative errors due
to incorrect usage of the inversion turn out to be lower, the lower
we assumed the altitude of the increased aerosol layer (Fig. 4).
This also applies if the additional aerosol amount that is added
to the aerosol backscatter coefficients is supposed to always be
the same. For absolute errors, the trend of deviations is similar.
Although shown for only a specific height, those results apply
for all altitudes below the additionally introduced aerosol layer
as well.

In conclusion, for boundary layer lidars, the deviations
resulting from the wrong implementation with the sign
error are much smaller than in the previously shown scenario.
Nevertheless, they are still substantial and cannot be assumed
to be marginal. But they can easily end up in misleading results
because the retrieved βP profiles are still within a realistic band-
width, and the deviations are not obvious (such as negative
values).

4. SUMMARY AND CONCLUSION

We identified and reviewed scientific literature for a sign error
within the original publication of the Klett inversion from 1985
[11], which is widely used in the field of elastic backscatter lidars.
The correct(ed) version of Klett’s solution has been presented as
Eq. (10), which we advise to use. With the notation shown here,
Eq. (10) contains a slight improvement towards Klett’s original
solution, as it does not contain any asymmetric logarithmic
terms that cause problems with noisy data close to zero. For
a constant lidar ratio of aerosols (βP /αP ), this equation was
shown to be identical to the proposed solution by Fernald in
1984 [9], which is correct, but not always referenced.

In a sensitivity analysis, three differing atmospheric case stud-
ies were carried out, which narrowed down the error’s behavior
for different lidar setups. Generally, the incorrect usage of Klett’s
inversion with the sign error therein was shown to lead to an
underestimation of the aerosol backscatter coefficients βP ,
resulting in even negative values in cases of a very low aerosol
load (e.g., stratosphere). For an artificial atmosphere without
any aerosols, values of βP ∼−10−7(m · sr)−1 were calculated
instead of the expected values βP = 0. When simulating typical
conditions for stratospheric lidars with long integration path-
ways and little aerosol content, the underestimation ofβP builds
up the lower the altitude gets. With an integration pathway of
roughly 43.5 km, the deviations of results, calculated with the
corrected and uncorrected Klett inversions, exceeded values of
100% by far.

Assuming realistic boundary layer conditions with enhanced
aerosol content revealed overall smaller relative deviations
compared to the aerosol-depleted stratospheric conditions.
Maximum discrepancies of ≥25% occurred for an integration
pathway of 15 km. Halving the integration pathway reduced
maximum deviations to values of ≥17%, exhibiting an error
dependency on the integration length. Further increases of
the aerosol load (by a multiplied, constant factor of four and
an integration length of over 15 km) led, in maximum, to a
reduction of deviations of more than 6% for the long integra-
tion pathway and a reduction of more than 4% for a halved
pathway. The absolute errors, however, increased with higher
aerosol concentrations. Without any factorial multiplica-
tion of aerosol load, the calculated absolute errors peaked at
values of ≥ 0.5 · 10−5 (m · sr)−1. With the same factorial
multiplication of four, the absolute errors reached values of
≥1.4 · 10−5 (m · sr)−1. In a last step, we have shown that the
error’s magnitude is dependent on the height in which aerosol
layers are present. The errors made by the incorrect usage of
Klett’s inversion in the retrieval were bigger, the higher the
aerosol layer was. This was true for both relative and absolute
discrepancies. However, differences were marginal. In the exem-
plary scenario, the relative deviations differed by over 1% at
overall values of≈ 11%.

Overall, we have demonstrated that the error caused by
the incorrect implementation of Klett’s inversion with the
wrong sign therein is dependent on multiple factors: aerosol
concentration, altitude of aerosol occurrence, and the length
of the integration pathway. Simple a posteriori corrections on
miscalculated data are therefore hardly possible. The error
magnitude is substantial for stratospheric lidars based above the
planetary boundary layer. For boundary layer lidars, the errors
are significantly smaller, potentially preventing their detection.
In conclusion, the errors caused by the wrong sign in the Klett
inversion algorithm may be unnoticed in boundary layer elastic
aerosol retrievals, but still are too big to be negligible. Our study
contributes to a better understanding of the implementation of
the Klett algorithm for elastic backscatter aerosol retrievals and
proposes an improved, sign-corrected solution as best practice.
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