
Atmos. Chem. Phys., 7, 1415–1422, 2007
www.atmos-chem-phys.net/7/1415/2007/
© Author(s) 2007. This work is licensed
under a Creative Commons License.

Atmospheric
Chemistry

and Physics

Extinction coefficients retrieved in deep tropical ice clouds from
lidar observations using a CALIPSO-like algorithm compared to
in-situ measurements from the cloud integrating nephelometer
during CRYSTAL-FACE

V. Noel1, D. M. Winker 2, T. J. Garrett 3, and M. McGill 4
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Abstract. This paper presents a comparison of lidar ratios
and volume extinction coefficients in tropical ice clouds, re-
trieved using observations from two instruments: the 532-
nm Cloud Physics Lidar(CPL), and the in-situCloud Inte-
grating Nephelometer(CIN) probe. Both instruments were
mounted on airborne platforms during the CRYSTAL-FACE
campaign and took measurements up to 17 km. Coincident
observations from two cases of ice clouds located on top of
deep convective systems are compared. First, lidar ratios are
retrieved from CPL observations of attenuated backscatter,
using a retrieval algorithm for opaque cloud similar to one
used in the recently launched CALIPSO mission, and com-
pared to results from the regular CPL algorithm. These li-
dar ratios are used to retrieve extinction coefficient profiles,
which are compared to actual observations from the CIN in-
situ probe, putting the emphasis on their vertical variabil-
ity. When observations coincide, retrievals from both instru-
ments are very similar, in the limits of colocation. Differ-
ences are generally variations around the average profiles,
and general trends on larger spatial scales are well repro-
duced. The two instruments agree well, with an average
difference of less than 11% on optical depth retrievals. Re-
sults suggest the CALIPSO Deep Convection algorithm can
be trusted to deliver realistic estimates of the lidar ratio, lead-
ing to good retrievals of extinction coefficients.

1 Introduction

Cirrus clouds are high altitude clouds mostly composed of
ice crystals. Since they consistently cover more than 30%
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of the earth’s surface (Wylie et al., 1994), their influence on
the radiation budget cannot be overlooked (Stephens et al.,
1990). The radiative influence of a given cirrus cloud de-
pends mostly on the delicate balance between its albedo and
greenhouse effects, and, on a local scale, on its microphys-
ical and optical properties. Most noticeably, the quantity of
sunlight reflected by a cirrus cloud (and thus its albedo ef-
fect) is directly tied to its optical thicknessτ , defined as

τ =

z1∫
z0

α(z)dz: the vertical integration of its extinction co-

efficientα (z) between the cloud boundariesz0 andz1. The
albedo of a cloud is thus directly dependent on its vertical
profile of extinction coefficient. A good knowledge of ex-
tinction coefficients, and thus optical depth, in cirrus clouds
would lead to a better estimation of their general albedo ef-
fect.

Due to the high altitude of cirrus clouds, direct in situ
measurement of their microphysical properties is a difficult
task that cannot be pursued on a systematic basis. More-
over, in the tropics ice clouds are often located on top of
deep convective systems (see e.g. Garrett et al., 2004), which
means high-altitude observations are a necessity. Because
of their large horizontal and vertical extensions, these sys-
tems have a large-scale radiative impact on the planet surface
and atmosphere (Hartmann et al., 1992), and their creation
through fast convection leads to specific microphysic and op-
tical properties (McFarquhar and Heymsfield, 1996; Heyms-
field and McFarquhar, 1996). Unfortunately, when conduct-
ing satellite studies using passive remote sensing it is often
difficult to separate an optically thin ice cloud layer from an
underlying convective system, meaning high uncertainties in
the retrievals (Chiriaco et al., 2004). This stresses the need
for active remote sensing, such as lidar, whose sensitivity to
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optically thin clouds makes it one of the most appropriate
instruments for cirrus study (Platt, 1973) and can give valu-
able insights into ice cloud microphysics (Noel et al., 2004).
Lidar retrievals of extinction coefficients are an effective tool
for studying the optical depth of ice clouds out of reach of in-
situ observations, and are not subject to passive remote sens-
ing limitations, as the variability of extinction coefficients is
observed as a function of penetration inside the cloud layer.
Moreover, the 532-nm spaceborne lidar in the framework of
the CALIPSO mission (Winker et al., 2003) is currently pro-
ducing retrievals of extinction coefficients and thus optical
depths on a global scale, even for tropical ice clouds on top
of optically thick convective systems.

In the present study, attenuated backscatter profiles ob-
served in deep tropical ice clouds using theCloud Physics
Lidar (CPL) on 28th and 29th July during theCirrus Re-
gional Study of Tropical Anvils and Cirrus Layers – Florida
Area Cirrus Experiment(CRYSTAL-FACE, Jensen et al.,
2004) are used to retrieve lidar ratios, using the CALIPSO
“Deep Convection” retrieval algorithm (Winker, 2003). Re-
sults are compared to retrievals using the regular CPL algo-
rithm, then with actual in-situ observations from the airborne
collocated probeCloud Integrating Nephelometer(CIN, Gar-
rett et al., 2003). The CRYSTAL-FACE campaign is pre-
sented in Sect. 2, along with the instruments used by the
present study. The CALIPSO Deep Convection retrieval al-
gorithm is presented and its results compared with results
from the CPL algorithm in Sect. 3. Lidar ratio retrievals are
then used to retrieve extinction coefficient profiles in Sect. 4,
which are compared to in-situ CIN observations. Discussion
and conclusion are given in Sect. 5.

2 Volume extinction coefficient retrievals during
CRYSTAL-FACE

The CRYSTAL-FACE campaign was held in July 2002 over
Florida and the Gulf of Mexico, and aimed to provide the
comprehensive measurements needed to better understand
the microphysical and radiative properties and formation pro-
cesses of ice clouds on top of thick convective cloud sys-
tems. Five mid- to high-altitude aircraft carried numerous
in situ and remote sensing instruments, with simultaneous
ground-based observations. Among these, the NASACloud
Physics LidarCPL, a three-wavelength (355 nm, 532 nm and
1064 nm) backscatter lidar (McGill et al., 2002), was looking
downward from the NASA ER-2 aircraft (King et al., 2003)
and provided several days of observations from as high as
20 km, with a vertical resolution of 30 m and an horizon-
tal resolution of 200 m at the typical ER-2 flying speed of
200 m.s−1. The CPL telescope field of view is 100µradians,
so the footprint on a cloud located less than 10 km away
(the typical distance during CRYSTAL-FACE) would be less
than 1 meter wide, i.e. roughly 100 times smaller than
CALIPSO’s. This configuration allowed unique monitoring

of ice clouds located on top of tropical convective systems,
which would be impossible from the ground because of the
lower layers of thick water clouds blocking the lidar pene-
tration. From the raw backscattered laser light measured by
the CPL telescope, properties of cloud and aerosol layers are
retrieved, including the altitude of cloud base and cloud top,
its optical depthτ , and profiles of depolarization ratio and
volume extinction coefficient. The method used for analysis
and retrieval of the volume extinction is explained in McGill
et al. (2003), and is based on the standard lidar inversion
technique (e.g. Spinhirne et al., 1980; Klett, 1981). When
possible (i.e. for optically thin clouds), the lidar extinction-
to-backscatter ratioS (Sect. 3.1) is retrieved directly from
lidar observations (through a transmission-loss technique).
When this is not possible (i.e. for optically thick clouds such
as convective systems),S is provided below –13◦C by a
quadratic function of temperature:S=aT 2

+bT + c with a=
–1.42739e-3,b = –2.08944e-1 andc = 1.5339e+1 (Hlavka,
private communication, 2005) at a wavelength of 532 nm (a
different quadratic function is used at 1064 nm). For tem-
peratures warmer than –13◦C, the valueS=17.84 is used.
A very similar technique is used when analyzing observa-
tions from the spaceborneGeoscience Laser Altimeter Sys-
tem(Zwally et al, 2002).

The CIN probe was mounted on the WB-57 aircraft, which
was able to fly through the top of tall convective systems
thanks to its high ceiling (up to 18 km). The CIN mea-
sures extinction coefficients from the scattering of cloud par-
ticles of a 635 nm laser light into sensors, consisting of cir-
cular light-diffusing disks and photomultipliers (Gerber et
al., 2000). These sensors measure the forward-scattered and
backscattered light between 10◦ and 175◦, from which the
volume extinction parameter is inferred based on an estimate
of the light forward-scattered by diffraction (Eq. 7 in Ger-
ber et al., 2000). Since diffraction is necessarily one half of
scattered energy, the omitted fraction is constrained and is
estimated to be 0.57±0.02. The lower threshold for extinc-
tion measurement by the CIN was 0.0004 m-1 and the esti-
mated uncertainty in the measurements during CRYSTAL-
FACE was 15% for values of extinction greater than about
0.001 m-1. This error estimate has since been validated using
ground and airborne transmissometer probes (Gerber, 2007;
Garrett, 2007), which are less sensitive than the CIN but are
entirely first principles.

3 The CALIPSO Deep Convection Algorithm

3.1 Lidar ratio retrieval

For elastic backscatter lidars, volume extinction coefficient
profiles α(z) are retrieved from observations of attenuated
backscatter profilesβ(z). In order to do so, a relationship
between the backscatter and extinction coefficients must be
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assumed. Often defined asS =
α
β

, the lidar ratio, this relation
is assumed to stay constant within a cloud layer.

The magnitude of the lidar ratio depends on the micro-
physical properties of the cloud, but in many cases can be
retrieved from attenuated backscatter observations alone. In
the routine analysis of CALIPSO observations, different al-
gorithms are used depending on the opacity of the atmo-
spheric layer. For semi-transparent clouds, a transmittance
algorithm is used, based on the difference in lidar return sig-
nal from clear regions above and below the cloud layer. In
the case of fully attenuating layers, such as deep tropical
thick convective systems, the transmittance algorithm can-
not be applied, as the laser cannot penetrate the full layer
and no signal is available beyond the cloud layer. An equa-
tion can be derived which relates the cloud-integrated attenu-
ated backscatter signalγ ′ to the cloud transmittanceT (Platt,
1973; Platt et al., 1999):

γ ′
=

1 − T 2

2Sη
(1)

whereη is a multiple scattering correction factor. In the case

of an opaque cloud layer,T =0 so thatγ ′
=

1
2Sη

. The lidar

ratio can thus be retrieved from lidar profiles of attenuated
backscatter and an estimate ofη. This is the essence of the
algorithm used by CALIPSO to retrieve extinction in the tops
of deep convective clouds (Winker, 2003). This algorithm as-
sumes that a mean lidar ratio can be used for an entire lidar
profiles, hence it supposes an homogeneous microphysical
composition throughout the cloud layer ; since the lidar pen-
etration is limited in optically thick convective systems this
is a reasonable assumption.

3.2 Lidar ratio retrieval on 29th July

On 29th July, a CRYSTAL-FACE mission focused on a
small-scale convective system (McGill et al., 2004) that ex-
tended horizontally over 100 km and up to the tropopause
(higher than 14 km), meaning the highest several kilometers
were composed of ice crystals. CPL observations of atten-
uated backscatter between 19:18 UTC and 19:42 UTC are
shown in Fig. 1 as a function of time and altitude, on a log-
arithmic color scale. During this timeframe, the ER-2 car-
rying the CPL flew over the convective system in a straight
line, and CPL observations show the top of the system rises
from 12 km at its edges to more than 14 km in its central area,
close to the convective center. The CPL was able to pene-
trate the cloud layer at least one kilometer before the laser
signal was completely attenuated (Fig. 1), but coincident ob-
servations from theCloud Radar System(not shown, Li et
al., 2004), also mounted on the ER-2, show this cloud sys-
tem extended down to the surface. The lidar ratios retrieved
during the same timeframe are shown in Fig. 2, using the
CPL algorithm (in black) and the CALIPSO Deep Convec-
tion algorithm described above (in red). Because of the small

Fig. 1. Attenuated backscatter observed by the CPL as a function of
time and altitude from 19:18 UTC to 19:42 UTC on 29th July 2002,
using a logarithmic color scale (arbitrary units).

field of view of the CPL instrument and the nearness of the
cloud, multiple scattering is insignificant, and the lidar ra-
tio equation (Eq. 1) can be simplifiedS=1

/
2γ ′. It should

be noted that it will only be possible to extrapolate conclu-
sions from the current study to CALIPSO retrievals as far as
a valid multiple scattering correction factor is available when
using the full Eq. (1) during the CALIPSO analysis. The
two sets of values are very similar, most in the 20–40 range,
with some outlier points up to 80. In the opaque portions of
the cloud, the agreement is very good; near the cloud edges
(not opaque), values derived using the Deep Convection al-
gorithm are too large. In this case, the CALIPSO operational
code uses a more appropriate transmittance-based retrieval.

The same comparison was conducted on all cloud layers
detected on 29th July, and on similar observations made on
28th July. The average difference and its standard deviation
are shown on a logarithmic scale in Fig. 3, as a function of the
minimum considered optical depthτmin. When considering
all cloud layers (τmin=0), the average difference goes as high
as 100 for 28th July, showing the Deep Convection algorithm
leads to unrealistic results in such conditions, as expected.
However, asτmin increases, the difference quickly decreases
below 10 forτmin=0.3 (29th July) andτmin=1 (28th July),
down to 2 (29th July) and 1 (28th July) forτmin>2. The
standard deviation simultaneously goes through the same de-
crease, dropping from values greater than 100 to less than 5.
The decrease is especially important for 28th July.

Figure 3 shows that the CALIPSO Deep Convection al-
gorithm is well suited to the study of optically thick cloud
layers.

3.3 Extinction retrieval

Using the CPL attenuated backscatter observations
(Sect. 3.1) and the retrieved lidar ratios (Sect. 3.2), it
is possible to retrieve the actual particulate backscatterβ (z)

at the altitudez from the well-known forward solution to the
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Fig. 2. Lidar ratiosS for the same time period shown in Fig. 1, using the CPL retrieval algorithm (black) and the CALIPSO Deep Convection
algorithm (red).

Fig. 3. Difference between lidar ratioS values retrieved using the
CALIPSO Deep Convection algorithm and the CPL retrieval algo-
rithm: average (left), standard deviation (right) as a function of the
minimum considered optical depth.

lidar equation (Platt et al., 1973):

β(z) =
β ′(z)

1 − 2ηS
∫

β ′(z′)dz′
(2)

with β ′ (z) the observed attenuated backscatter, andz0 the
altitude of lidar penetration in the layer (i.e. the cloud top for
a nadir-looking lidar like the CPL). As the goal of this study
is an operational validation of the CALIPSO Deep Convec-
tion algorithm (Sect. 3.1), a simple application of this algo-
rithm will provide a good first approximation for comparison
purposes. Once backscatter profilesβ(z) are retrieved, ex-
tinction coefficientsα(z)=β(z)· S(z) can be easily obtained
for any given layer (Sect. 3.1). This technique was applied
to CPL observations of attenuated backscatter in ice clouds
from 28th and 29th July (Sect. 3.2). Results of these re-
trievals will be presented and compared to in-situ probe ob-
servations in the next section.

4 Coincident observations of extinction in cirrus clouds

During CRYSTAL-FACE, cirrus clouds were observed many
hours by the CPL (on the ER-2) and the CIN (on the WB-57),

Table 1. Properties of each case of collocated observations from
the CPL and CIN during CRYSTAL-FACE.

28th July 29th July

Time of observation 22:45–23:00 20:01–20:12
WB-57 Altitude range 13.5–16 km 12.5–14 km

but most of the time the observations were not simultane-
ous. This part of the study will focus on the periods of time
when the two instruments were functioning simultaneously
and their two aircraft were flying in the same area, so that the
two instruments were monitoring the same cloud. To eval-
uate the variability of extinction with altitude, and the cor-
relation between results from both instruments, only cases
when the WB-57 was either climbing or descending in the
cloud layer were considered. Periods of observation fitting
this description for 28th July and 29th are described in Ta-
ble 1. For each CPL profile, coordinates of the supporting
ER-2 aircraft were compared to those of the WB-57 in the
timeframe of coincidence, the maximum delay between both
aircraft being 10 min.

As seen in Sect. 3.2, the 28th July and 29th cases are
typical of the small-scale convective systems that developed
frequently in the tropical area monitored during CRYSTAL-
FACE. Volume extinction coefficients retrieved from CPL
backscatter observations using the CALIPSO Deep Convec-
tion algorithm (Sects. 3.1 and 3.3) are shown in Fig. 4 (28th
July) and Fig. 5 (29th July ), with the WB-57 altitude at coin-
cident points plotted over in red symbols. On 28th July , the
lidar penetration depth is very variable on time scales of less
than a minute: most profiles are fully attenuated before the
signal reaches 13 km; however some isolated profiles show
deeper penetration and reach 13 km (e.g. around 22:57 UTC).
This seems due to rapid small-scale variations in the spatial
distribution of cloud water content. The extinction coeffi-
cient is generally in the 10−3 to 3.10−3m−1 range (green on
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Fig. 4. Extinction (m−1) retrieved from CPL backscatter ob-
servations and lidar ratio from the CALIPSO algorithm, between
22:55 UTC and 23:00 UTC on 28th July 2002, using a logarithmic
color scale. The path of the WB-57, carrying the CIN probe, is
plotted in red.

the color scale). The studied timeframe on 29th July (Fig. 5)
shows a stable lidar penetration depth, 1 km on average, but is
less homogeneous, with wider variations in retrieved extinc-
tion values (from 5×10−4 to 10−2 m−1). Integrating these
extinction profiles gives a highly variable time series of op-
tical depths (not shown), with values typically ranging be-
tween 1 and 4. As the optical depth approaches these higher
values, the retrievals become unreliable for two reasons: 1)
it is well known that the forward solution becomes unsta-
ble at high optical depths and can become divergent (Platt
et al., 1987), and 2) the backscatter return signal becomes
very weak and noise excursions influence the retrieved val-
ues. Thus extinction coefficients at low altitudes, such as the
very high extinctions at the largest penetration depths (red
on the color scale in Figs. 4 and 5) should be treated with
caution.

For each CPL profile, extinction coefficients were ex-
tracted from the CIN data at the point of closest WB-57
and ER-2 coincidence. On 28th July, the WB-57 went from
13 km at 22:45 UTC up to 16 km around 23:00 UTC (Fig. 4),
a cloud was observed between 22:45 UTC and 22:50 UTC;
the ER-2 flew over the same area between 22:55 UTC and
23:00 UTC. To sample the maximum of cloud data, the WB-
57 was often spiraling inside cloud systems, which is why
these points are not in chronological order. The extinction
observed by the CIN during this period is shown as sym-
bols in Fig. 6 as a function of altitude, with horizontal bars
showing the uncertainty. The average extinction profile re-
trieved from CPL observations during the same timeframe
is shown in full line, the shaded area showing the standard
deviation around the average. The agreement between both
instruments is good between 13.7 and 15 km, with an average
difference of 0.166×10−2 m−1 between profiles, which im-
plies that the Deep Convection algorithm is choosing appro-

Fig. 5. Same as Fig. 4, for 29th July 2002 between 19:45 UTC and
19:59 UTC.

Table 2. Cloud optical depthτ obtained from integration of volume
coefficient profiles from the CPL and CIN observations.

28th July 29th July

From CPL observations 1.87 5.08
From CIN observations 1.67 4.74

priate values forS. Below 13.7 km, colocation between air-
craft was not sufficient for comparison. The lidar sees large
values of extinction (up to 10−2 m−1) down to 13.0 km where
the signal gets totally attenuated (radar data shows the cloud
base was actually much lower). For colocated measurements,
the time difference and horizontal distance between aircraft
are not correlated with difference in extinction coefficients.
Integrating both CPL and CIN profiles of extinction coeffi-
cient over the correlated regions (13.7 to 15 km) leads to re-
spective optical depthsτ of 1.87 and 1.67 (Table 2), i.e. the
CPL-derived value is 11% larger than the CIN-derived value,
within the measurement uncertainties of the two instruments.
This difference is negligible in radiative terms, given the lim-
ited penetration of the CPL. Integrating the CPL extinction
profile over the full layer (i.e. 13 to 15 km) gives a much
higher value ofτ=4.6. This is a very high optical depth for
a lidar to penetrate, and indicates the variability of the pro-
file below about 13.7 km may be due to weak signal and the
lowest part of the profile is probably unreliable. The CIN
detects some low extinction coefficients (α<5×10−4m−1) at
the tropopause level (15.5 km according to radiosoundings
launched at 23:00 UTC from Tampa, 27.70 N, 82.40 W) that
do not appear in the lidar retrievals (Fig. 6); these values are
very close to the CIN noise level (4×10−4 m−1) and should
not be considered as actual particles. On 29th July, the
WB-57 went from 12.5 km at 20:00 UTC up to 14 km at
20:04 UTC, then down again at 20:12 UTC (red symbols
in Fig. 5). CIN observations of extinction, averaged over
altitude bins during this period (Fig. 7) are similar to CPL
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Fig. 6. Profile of extinction coefficients (m−1) retrieved from CPL
observations using the CALIPSO Deep Convection algorithm (aver-
age profile in full line, standard deviation in shaded grey) and from
CIN collocated observations (crosses, with instrument uncertainty
shown as horizontal bars) for the 28th July case, as a function of
altitude (km).

retrievals using the CALIPSO Deep Convection algorithm
(the large error bars in CIN extinctions are due to the ex-
istence of several data points in a single altitude bin). Con-
sistent with Fig. 5, high extinction coefficients (larger than
5.10−3 m−1) are observed. Both profiles are in good agree-
ment from cloud top (14 km) down to 12.5 km, where the
colocation between aircraft is too low. The simultaneous
sudden break in lidar observations at 12.5 km is due to total
signal attenuation, as radar observations show a lower cloud
base. As in the 28th July case, CPL retrievals are highly vari-
able at low altitudes (e.g. below 13 km), due to weak signal
and the limited stability of the inversion algorithm. Integra-
tion of extinction profiles leads to very high optical depths
(Table 2): 4.74 and 5.08, respectively for the CPL and the
CIN. These values are consistent with the full-profile optical
depth for 28th July (4.6). The slightly lower optical depth
from CPL extinctions is consistent with total lidar signal at-
tenuation.

Fig. 7. Same as Fig. 6, for the 29th July case.

5 Discussion and conclusion

This study presents a comparison between volume extinc-
tion coefficients observed from a CIN in-situ probe and re-
trievals from lidar backscattering profiles (Sect. 2). Three co-
incident observation periods are compared, highlighting the
variability with altitude (Sect. 4). Results show a very good
agreement between both instruments, for extinction coeffi-
cients sometimes as low as 10−3 m−1 (Fig. 2). This implies
the CALIPSO Deep Convection algorithm is doing a good
job at selecting lidar ratios for opaque clouds. However, this
conclusion was reached using using CPL observations where
multiple scattering effects are negligible. Since the footprint
of actual CALIPSO observations will be roughly 100 times
wider than with CPL, multiple scattering effects will have to
be accounted for using an appropriate multiple scattering cor-
rection factor (Eq. 1). Retrieval of this parameter depends on
additional algorithms and observations and hence is outside
the scope of the validation of the Deep Convection algorithm
itself.

Overall the extinction coefficient profiles retrieved from
CPL observations show higher small-scale variability (in the
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100 m range) than the CIN observations, mostly due to the
fact that CIN observations were averaged over 11 s periods
in order to increase the signal-to-noise ratio. The CPL vari-
ability can be explained by the unstable nature of the extinc-
tion retrieval algorithm (Eq. 2) at high optical depths, which
creates large fluctuations in backscattering coefficient from
one profile to the next – small-scale variations in CPL re-
trievals should therefore be treated with caution, as they may
not be physical. Overall, CIN observations are often con-
tained within the standard deviation of CPL retrievals. As
variations on larger scales are well reproduced, the retrieved
optical depth is only slightly affected (6 and 11% difference
between the two instruments when considering intersecting
observations). In the second case (29th July), the extinction
coefficients retrieved from the lidar were slightly lower than
those observed in-situ by the CIN. This can be explained by
the lidar signal being fully attenuated by the optically thick
layer of the convective systems, and thus unable to penetrate
the whole cloud layer measured by the CIN. Overall, the
lidar performs reasonably well in such extreme conditions
(i.e. very thick convective system), and as it was shown pre-
viously those differences are only significant on small spa-
tial scales and are only a secondary influence on larger scale
trends and integrated results.

Differences in extinction coefficients still exist, though,
and might be due to instrumental and algorithmic limitations
in both retrieval schemes or spatial and temporal mismatch.
For instance, the lidar ratio is assumed to stay constant in
all cloud profiles (Sect. 3.1), which is unrealistic if large
changes in microphysical properties happen on a single pro-
file basis. A study of ice crystal shape classification from
depolarization ratios suggests only limited change in micro-
physics with altitude above 12 km in convective cases ob-
served on 28 and 29 July during CRYSTAL-FACE (Noel et
al., 2004b), however small-scale variations are still possible.
Regarding the CIN, as with many other probes, it has been
argued that ice crystals can shatter when impacted by the air-
craft or the probe itself, leading to an artificial increase in
small particles concentration. Recent comparisons between
collocated in-situ probes during CRYSTAL-FACE (Heyms-
field et al., 2006) suggest that due to this phenomenon, ob-
servations from the CIN might overestimate the extinction
coefficient, potentially by as much as a factor of 2. Gerber
(2007) and Garrett (2007) have rebutted this work, arguing
that the inferred errors were the result of faulty or inappropri-
ate comparisons. Nonetheless, additional work might there-
fore be required to determine if the good agreement found
between results from both instruments in the present study
is the byproduct of distinct observational and analysis bi-
ases in each instrument, which would compensate for each
other and coincidentally lead to similar results. On the other
hand, the fact that results from both instruments, using very
different techniques, show a good agreement strengthens the
confidence in extinction coefficients retrieved from both in-
struments. Moreover, even in the case of a quantitative bias,

the fact that the variations of extinction coefficient are sim-
ilar with altitude in same-day profiles from each instrument
still suggests the vertical variability of lidar retrievals can be
trusted. In any case, retrievals from both instruments are con-
sistent for low values of extinction (below 10−3 m−1) that
would still remain small after a numerical correction. The re-
sults are especially important since retrievals from the space-
borne CALIPSO mission (Winker et al., 2003) will soon be
available, leading to an extensive mapping of ice cloud opti-
cal and microphysical properties.
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