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Abstract: Recent studies indicate that the Cloud-Aerosol Lidar with Orthogonal Polarization (CA-
LIOP) aboard the Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations (CALIPSO) 
satellite provides valuable information about ocean phytoplankton distributions. CALIOP’s atten-
uated backscatter coefficients, measured at 532 nm in receiver channels oriented parallel and per-
pendicular to the laser’s linear polarization plane, are significantly improved in the Version 4 data 
product. However, due to non-ideal instrument effects, a small fraction of the backscattered optical 
power polarized parallel to the receiver polarization reference plane is misdirected into the perpen-
dicular channel, and vice versa. This effect, known as polarization crosstalk, typically causes the 
measured perpendicular signal to be higher than its true value and the measured parallel signal to 
be lower than its true value. Therefore, the ocean optical properties derived directly from CALIOP’s 
measured signals will be biased if the polarization crosstalk effect is not taken into account. This 
paper presents methods that can be used to estimate the CALIOP crosstalk effects from on-orbit 
measurements. The global ocean depolarization ratios calculated both before and after removing 
the crosstalk effects are compared. Using CALIOP crosstalk-corrected signals is highly recom-
mended for all ocean subsurface studies.   
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1. Introduction 
The Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations (CALIPSO) 

mission is a pioneering international partnership between NASA and the French Space 
Agency, CNES [1–3]. The CALIPSO mission is entering its 16th year of very successful 
operation, providing the first decadal dataset of high-resolution atmospheric profiles of 
aerosols and clouds globally [3], which are critical to earth radiation budget estimation 
and climate model improvements. The Cloud-Aerosol Lidar with Orthogonal Polarization 
(CALIOP), a dual-wavelength (532 nm and 1064 nm) polarization sensitive (at 532 nm) 
elastic backscatter lidar, is the prime payload instrument on the CALIPSO satellite [1]. The 
main objective of CALIOP is to provide global mapping of the vertical structure of the 
Earth’s atmosphere [4].      

Although CALIOP was not designed for ocean subsurface applications, its measure-
ments over the Earth’s oceans now provide a wealth of unanticipated opportunities for 
ocean biology and biogeochemistry studies. During the last decade, innovative retrieval 
methods have been developed to translate CALIOP’s ocean backscattered signals into 
ocean optical properties such as global phytoplankton distributions [5], total particulate 
organic carbon (POC) stocks [5,6], particulate backscattering coefficients (bbp, m-1) [7,8], 
phytoplankton biomass estimates [9], and depolarization ratios of ocean waters [10,11].   

  However, non-ideal polarization separation by the optical components in the CA-
LIOP receiver can cause some small fraction of the backscattered optical power polarized 
parallel to the receiver reference plane to be misdirected into the perpendicular channel, 
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and vice versa [12]. This effect, known as polarization crosstalk, typically causes the meas-
ured cross-polarized (i.e., the perpendicular channel, s) attenuated backscatter coefficient 
(𝛽′௦, m-1sr-1) to be higher than its true value and the measured co-polarized (i.e., the paral-
lel channel, p) attenuated backscatter coefficient (𝛽′௣, m-1sr-1) to be lower than its true value 
[13,14].   

Because the backscatter signals from beneath the ocean surface are highly attenuated, 
the relative errors in the CALIOP measured cross-polarized attenuated backscatter coef-
ficient (ఉᇱೞ,೘೐ೌೞೠೝ೐೏ିఉᇱೞ,೟ೝೠ೐

ఉᇱೞ,೟ೝೠ೐
× 100%) due to crosstalk can be up to 100% or more for some 

scenes, which will in turn introduce biases into the subsequently derived ocean optical 
properties, such as bbp, POC stocks, phytoplankton biomass, etc. Consequently, estimates 
of ocean optical properties derived from CALIOP measurements must take crosstalk into 
account and the crosstalk artifacts should be removed before retrieving ocean optical 
properties. Unfortunately, previous analyses of CALIOP data for ocean studies 
[5,7,10,11,15] did not take into account the effect of optical crosstalk between the 532 nm 
parallel and perpendicular channels.  

The objectives of this study are to (1) estimate the magnitude of CALIOP’s polariza-
tion crosstalk from on-orbit measurements, (2) provide a correction method to remove 
crosstalk effects on CALIOP measured attenuated backscatter coefficients, and (3) com-
pare the ocean results retrieved before and after applying the crosstalk correction. In sec-
tion 2 we describe the methods used to estimate the crosstalk from CALIOP Level 1 (L1) 
data and develop a straightforward correction function. The global ocean depolarization 
ratio results before and after crosstalk correction are compared in section 3. We conclude 
with a summary of our investigations in section 4.            

2. Methods  
The analysis and results presented in this work use CALIOP Version 4.1 (V4) Level 1 

(L1) data products [16], in which the calibration of the 532 nm attenuated backscatter co-
efficients is significantly improved [17,18].        

The CALIOP backscatter signal at 532 nm is separated into parallel (p) and perpen-
dicular (s) components by polarization beam splitters (PBS) in the receiver subsystem 
[1,2]. The crosstalk (CTp2s) represents the fraction of the optical power polarized parallel 
to the receiver polarization reference plane that is transferred to the perpendicular chan-
nel, as follows:  

𝛽ᇱ
ୱ,௠௘௔௦௨௥௘ௗ

(z) = 𝛽ᇱ
ୱ,௧௥௨௘

(z) + 𝐶𝑇௣ଶ௦ × 𝛽ᇱ
୮,௧௥௨௘

(z) and (1)

𝛽′௣,௠௘௔௦௨௥௘ௗ(z) = 𝛽′୮,௧௥௨௘(z) − 𝐶𝑇௣ଶ௦ × 𝛽′୮,௧௥௨௘(z). (2)

Here, a fraction (𝐶𝑇௣ଶ௦) of 𝛽′௣,௧௥௨௘ is reflected into the perpendicular channel (Eq. 1) and 
that the remainder (1−𝐶𝑇௣ଶ௦) of the parallel signal 𝛽′௣,௧௥௨௘ is transmitted into the parallel 
detector (Eq. 2). The polarization crosstalk from perpendicular channel to parallel channel 
(𝐶𝑇௦ଶ௣) is ignored in Eqs. (1) and (2) because the contribution of 𝐶𝑇௦ଶ௣ × 𝛽′ୱ,௧௥௨௘(z) to both 
532 nm channels is less than 1%, while the contribution of 𝐶𝑇௣ଶ௦ × 𝛽′୮,௧௥௨௘(z) to perpen-
dicular channel (Eq. 1) can be as large as 100% or more (section 2.3) and should be taken 
into account.           

2.1. Crosstalk estimation from clear air depolarization ratio (method 1) 
CALIOP clear air depolarization ratio measurements have no particular scientific in-

terest, since the depolarization ratio of clear air is known to be around 0.0035 for the opti-
cal filter passbands implemented in the CALIOP receiver. However, they are of interest 
from an instrument performance standpoint because they allow us to monitor the cross-
talk between the parallel and perpendicular channels. For this investigation, the CALIOP 
measured clear air depolarization ratio (𝛿௠௢௟) is calculated as,    
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𝛿௠௢௟ = ෍ 𝛽ᇱ
௦,௠௘௔௦௨௥௘ௗ

(𝑧)

௭ୀଷ଴௞௠

௭ୀଶ଴௞௠

෍ 𝛽ᇱ
௣,௠௘௔௦௨௥௘ௗ

(𝑧)

௭ୀଷ଴௞௠

௭ୀଶ଴௞௠

൙  (3)

i.e., the mean perpendicular attenuated backscatter coefficient divided by the mean par-
allel attenuated backscatter coefficient, with the means computed over the altitude region 
from 20 km to 30 km. The signals in this altitude regime consist almost entirely of molec-
ular backscatter. Aerosol scattering is generally negligible, and cloud contributions at 
these altitudes can be neglected entirely. This calculation excludes the wintertime polar 
regions, where polar stratospheric clouds may contribute significantly to the signal. 

With an ideal beam splitter, 𝛿௠௢௟  estimates obtained by using Eq. (3) would approx-
imately equal the theoretical value of 0.0035. Absent shot noise and with perfect calibra-
tion, these δmol values would exactly equal the theoretical value. The difference between 
the measured and theoretical molecular depolarization ratios can indicate the level of 
crosstalk between the two polarization channels. From CALIOP L1 data which are well 
calibrated [17,18], the CTp2s can be estimated as (method 1):  

𝐶𝑇௣ଶ௦ = 𝛿௠௢௟ − 0.0035, (4)

where the measured molecular depolarization ratio (𝛿௠௢௟) is calculated by Eq. (3) from L1 
nighttime data for two chosen latitude regions: 0° to 40°N and 0° to 40°S, where the South 
Atlantic Anomaly (SAA) region was excluded because CALIOP is experiencing an ele-
vated frequency of low energy laser shots due to decreased pressure inside the laser can-
ister (https://www-calipso.larc.nasa.gov/resources/calipso_users_guide/advisory/advi-
sory_2018-06-12.php). We choose the CALIOP nighttime measurements to avoid the ef-
fects of solar background noises on the clear air depolarization ratios.  
     From Eq. (4), the uncertainties of CTp2s can be estimated as (

∆஼ ೛்మೞ

஼ ೛்మೞ
)ଶ = (

∆ఋ೘೚೗

ఋ೘೚೗
)ଶ, where 

the uncertainties of 𝛿௠௢௟, (
∆ఋ೘೚೗

ఋ೘೚೗
)ଶ depend on the random error and possibility of bias er-

ror in polarization gain ratio (PGR). The random error is dominated by the noise in the 
lidar data itself. With sufficient averaging, such as averaging in 20 km – 30 km vertically, 
0° - 40°N regionally and monthly (e.g., Figure 1), we will insure that the random error is 
low and can be neglected [12]. PGR accounts for differences in the responsivity and gain 
of the CALIOP’s two polarization channels at 532 nm and the relative transmission of the 
optics downstream of the PBS [4]. The bias error in the PGR is due primarily to non-ideal 
polarization effects in the transmitter and receiver, e.g., non-ideal performance of the 
pseudo-depolarizer, the bias error of which is less than 0.26% [12].               

Figure 1 shows the time series of crosstalk values calculated from CALIOP L1 data 
(monthly) by Eq. (4) from June 2006 to November 2020 (green and black). The monthly 
crosstalk values over two chosen regions 0°-40°N and 0°-40°S (without SAA) are shown 
in green and black in Figure 1. The dashed blue line in Figure 1 indicates when CALIOP 
was switched from the primary laser to the backup laser, i.e., Feb. 2009. The most likely 
explanation for the discrete jumps in April 2009 and February 2020 over the latitude re-
gion from 0° to 40°S (black line in Figure 1) is depolarizing smoke injected into the strato-
sphere by Australia bushfires [19,20]. No corresponding changes are seen in either the 
PGR or the crosstalk estimated over the northern hemisphere (0°-40°N. green in Figure 1) 
in those months. Similarly, the northern hemisphere crosstalk jumps seen in September 
and October 2017 are mainly due to pyrocumulonimbus (pyroCb) smoke events in west-
ern North America in August 2017 [21]. In contrast to the tropospheric smoke, the strato-
spheric smoke resulting from pyroCb events have significant depolarization [22], which 
impacts the crosstalk calculation. Excluding these explainable excursions, the relative dif-
ferences of crosstalk values between the two chosen regions are less than 10%, with the 
root mean square of differences about 0.03%.       
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Figure 1. Time series of crosstalk calculated from CALIOP L1 data by method 1 and 2 
from June 2006 to November 2020 over two chosen regions 0°-40°N (green by method 1 
and blue by method 2) and 0°-40°S (black by method 1 and pink by method 2). The dashed 
blue line indicates when CALIOP was switched from the primary laser to the backup laser 
(i.e., Feb. 2009). The discrete jumps in April 2009, September/October 2017, and February 
2020 by method 1 are most likely due to the depolarizing smoke injected into the strato-
sphere. See details in text.   

2.2. Crosstalk estimation from ocean surface return (method 2)  
Under this method, we use the CALIOP L1 532 nm signals from the range bin that 

includes the ocean surface reflection. In doing so, we take into account that the vertical 
resolution of this bin is 30 m (in air, 23 m in water), and therefore includes signal contri-
butions from the atmosphere and the ocean subsurface in addition to the laser surface 
reflection. In both 532-nm channels, the atmospheric contribution is much smaller than 
the ocean surface and subsurface reflection and can be neglected. For a linearly polarized 
incident lidar beam (e.g., CALIOP), spherical particles, molecular (Rayleigh) scattering 
and the laser reflection at the ocean surface do not contribute significantly to cross polar-
ization [11]. As a result, cross-polarized signal measured by the perpendicular channel is 
dominated by the backscatter from non-spherical particles, e.g., plankton and other non-
spherical particles and multiple scattering from all particles, while the co-polarized signal 
measured by the parallel channel is overwhelmingly from the ocean surface reflection [5], 
which depends on the wind speed [23]. Thus, the correlation between the true parallel 
(𝛽′௣,௧௥௨௘) and perpendicular (𝛽′௦,௧௥௨௘) signals backscattered from ocean should be a mini-
mum.   

Our second method to estimate the crosstalk takes advantage of this lack of correla-
tion between the scattering in the two 532 nm polarization channels. The measured ocean 
layer-integrated attenuated backscatter (unit: sr-1) in two polarization channels are defined 
as:   

𝛾௦,௠௘௔௦௨௥௘ௗ = ∫ 𝛽ᇱ
௦,௠௘௔௦௨௥௘ௗ

௭(௣೔ାଷ)

௭(௣೔ିଵ)
(𝑧)𝑑𝑧, (5)

𝛾௣,௠௘௔௦௨௥௘ௗ = න 𝛽ᇱ
௣,௠௘௔௦௨௥௘ௗ

௭(௣೔ାଷ)

௭(௣೔ିଵ)

(𝑧)𝑑𝑧. (6)

where we are integrating over 5 range bins and pi indicates the altitude index of the peak 
ocean surface return bin. The ocean surface lidar backscatter (Eqs. 5 and 6) is a integrating 
of the measured attenuated backscatter coefficients from 1 bin above to 3 bins below the 
peak bin because of CALIOP’s low pass filter and detector transient response [23]. Here, 
x=(𝛾௦,௠௘௔௦௨௥௘ௗ − 𝐶𝑇௣ଶ௦ × 𝛾௣,௠௘௔௦௨௥௘ௗ) represents the corrected cross-polarized signal with 
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the 𝐶𝑇௣ଶ௦ changing from 0 to 2%, and y=𝛾௣,௠௘௔௦௨௥௘ௗ is the co-polarized signal depending 
on wind speed. The absolute value of correlation coefficient (𝜌௫௬) is used as a performance 
function:   

𝜌௫௬ = |𝑐𝑜𝑟𝑟(x, y)|, (7)

where “||” in Eq. (7) refer to absolute value. A series of trial values of the 𝐶𝑇௣ଶ௦ between 
0 to 2% with an increment of 0.01% is used to calculate the correlation coefficients (𝜌௫௬) in 
Eq. (7). Finally, the crosstalk is determined by searching a minimum value of the perfor-
mance function of Eq. (7) (method 2). Compared with Eq. 4, the second method does not 
require the measured clean air depolarization ratio 𝛿௠௢௟ or the theoretical value of clear 
air depolarization ratio of 0.0035 used in Eq. 4. It uses the measured ocean layer-integrated 
attenuated backscatter at the two polarization channels (Eqs, 5, 6 and 7) to estimate the 
crosstalk.  

The time series of crosstalk values calculated from level 1 ocean backscattered signals 
by method 2 from June 2006 to November 2020 over two chosen regions: 0 to 40°N and 0 
to 40°S are shown as blue and pink in Figure 1. The monthly crosstalk values estimated 
from level 1 ocean backscattered signals (method 2) during nighttime are compared with 
those estimated by method 1 (green and black in Figure 1). The relative differences of 
crosstalk values retrieved by method 1 and method 2 are less than 10%, with the root mean 
square of differences ~0.04%. Figure 2 shows the crosstalk differences between night and 
day (𝐶𝑇௣ଶ௦,௡௜௚௛௧ − 𝐶𝑇௣ଶ௦,ௗ௔௬) over two chosen regions 0°-40°N (red) and 0°-40°S (dark blue). 
The mean difference of crosstalk between day and night shown in Figure 2 is less than 5%, 
with the root mean square of differences about 0.03%.    

One of the key goals in the design of CALIOP was to achieve less than 1% crosstalk. 
Figures 1 and 2 clearly show that the polarization crosstalk is less than 1%, which indicates 
the excellent performance of CALIOP.  

 
Figure 2. Time series of crosstalk difference between night and day (𝐶𝑇௣ଶ௦,௡௜௚௛௧ − 𝐶𝑇௣ଶ௦,ௗ௔௬) calcu-
lated from CALIOP L1 ocean signals by method 2 from June 2006 to November 2020 over two 
chosen regions 0°-40°N (red) and 0°-40°S (dark blue). The dashed blue line indicates when CA-
LIOP was switched from the primary laser to the backup laser (i.e., Feb. 2009).       

2.3. Effects of Crosstalk on measured ocean backscattered signals  
Even though the crosstalk values are less than 1% over the entire CALIOP mission 

(Figures 1 and 2), its effects on perpendicular channel ocean signals can still be large [13]. 
We illustrate this with a heuristic example that assumes the true ocean backscattered sig-
nals are 𝛽′ୱ,௧௥௨௘=1 km-1 sr-1 and 𝛽′୮,௧௥௨௘ = 100 km-1 sr-1, yielding a depolarization ratio of 
1% (e.g., as in Figures 3-6). Given a polarization crosstalk of 0.5% (e.g., Figure 2), the meas-
ured ocean signals given by Eq. 1 and 2 will be 𝛽′ୱ,௠௘௔௦௨௥௘ௗ = 1.5  km-1 sr-1 and 
𝛽′୮,௠௘௔௦௨௥௘ௗ=99.5 km-1 sr-1, with a corresponding measured depolarization ratio slightly 
above 1.5%. The relative error (ఉᇱ౩,೘೐ೌೞೠೝ೐೏ିఉᇱ౩,೟ೝೠ೐

ఉᇱ౩,೟ೝೠ೐
× 100%) of the measured perpendicular 

signal and depolarization ratio are ~50%. The impact of crosstalk increases as the true de-
polarization ratio decreases and exerts its largest effects in oceanic regions where 
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concentrations of phytoplankton are especially low and hence the true ocean depolariza-
tion ratio approaches its minimum. As seen in figures 5 and 6, the depolarization ratios 
seen over extensive swaths of the ocean are significantly less than 1%, leading to large 
crosstalk-induced errors (e.g., Figure 8) and highlighting the motivation for correcting the 
data before using the L1 backscatter signals for ocean subsurface retrievals.  

From Eqs. (1) and (2), the crosstalk-corrected attenuated backscatter coefficients 
(𝛽′୮,௖௢௥௥௘௖௧ , 𝛽′ୱ,௖௢௥௥௘௖௧) can be derived from the measured signals as:  

𝛽ᇱ
௣,௖௢௥௥௘௖௧

(𝑧) = 𝛽′௣,௠௘௔௦௨௥௘ௗ(𝑧)/(1 − 𝐶𝑇௣ଶ௦), and (8)

𝛽′௦,௖௢௥௥௘௖௧(𝑧) = 𝛽′௦,௠௘௔௦௨௥௘ௗ (𝑧) − 𝐶𝑇௣ଶ௦ × 𝛽௣,௖௢௥௥௘௖௧(𝑧). (9)

Using CALIOP crosstalk-corrected signals (Eqs. 8 and 9) is highly recommended for all 
ocean subsurface studies.   

3. Global ocean results 
This section compares the global ocean depolarization ratios after crosstalk correction 

with those before crosstalk correction. The integrated cross- (𝛾ୱ, sr-1) and co-polarization 
(𝛾௣, sr-1) components of the total ocean subsurface backscatters are obtained from CALIOP 
crosstalk-corrected ocean attenuated backscatter coefficients 𝛽ᇱ

௣,௖௢௥௥௘௖௧
(𝑧)  and 

𝛽ᇱ
௦,௖௢௥௥௘௖௧

(𝑧) as:  

𝛾௦ = ∫ 𝛽ᇱ
௦,௖௢௥௥௘௖௧

௭(௣೔ାଷ)

௭(௣೔ିଵ)
(𝑧)𝑑𝑧, (10)

𝛾௣ = න 𝛽ᇱ
௣,௖௢௥௥௘௖௧

௭(௣೔ାଷ)

௭(௣೔ିଵ)

(𝑧)𝑑𝑧. (11)

where pi indicates the altitude index of the peak ocean surface return bin. The total depo-
larization ratio of ocean water, which includes contributions from water molecules and 
in-water particulate matter, is defined as:  

𝛿௧ =
𝛾ୱ 

𝛾୮

 (12)

The seasonal distributions in CALIOP’s total ocean depolarization ratio before cross-
talk correction (ratio between Eq. 5 and 6) during both nighttime and daytime are shown 
in Figures 3 and 4, respectively. Data are seasonally averaged climatologies for the 2008-
2020 period and binned to 1° latitude × 1° longitude pixels. For comparison, the seasonal 
distributions of crosstalk corrected total depolarization ratios using Eq. (12) are given in 
Figures 5 and 6 for nighttime and daytime, respectively.   

The ocean depolarization ratios before crosstalk correction shown in Figures 3 and 4 
are substantially larger than the depolarization ratios after crosstalk correction (Figures 5 
and 6). From Figures 3 and 4, the depolarization ratio is ~1% over most of the permanently 
stratified oceans: i.e., the low nutrient and low biomass waters, between roughly 40°N 
and 40°S, excluding coastal regions and the Eastern Pacific upwelling regions. However, 
the crosstalk corrected depolarization ratio (Figures 5 and 6) is ~0.4% over most of these 
same regions.  

Figure 7 presents the histograms of depolarization ratios before (orange) and after 
(sky blue) crosstalk correction. These results indicate that the mean relative differences in 
the depolarization ratios before and after crosstalk correction (ఋ೟,್೐೑೚ೝ೐ିఋ೟,ೌ೑೟೐ೝ

ఋ೟,ೌ೑೟೐ೝ
× 100%) are 

~55% during nighttime and ~42% during daytime. Figure 8 gives the global map of rela-
tive differences between the depolarization ratios before and after crosstalk correction 
( ఋ೟,್೐೑೚ೝ೐ିఋ೟,ೌ೑೟೐ೝ

ఋ೟,ೌ೑೟೐ೝ
× 100% ) during daytime, which indicate over the low nutrient, low 
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biomass waters between roughly 40°N and 40°S, the crosstalk-induced errors in the depo-
larization ratios before crosstalk correction are very high and can be as large as 200%. As 
a result, using CALIOP crosstalk-corrected signals is highly recommended for all ocean 
subsurface studies.        

  

 
Figure 3. Seasonal distributions of CALIOP total depolarization ratio (𝛿௧, %) at nighttime before 
crosstalk correction. (a) March - May; (b) June - August; (c) September - November; (d) December - 
February. Data are seasonal average climatology for the 2006-2020 period and have been averaged 
to 1° latitude × 1° longitude pixels.  

 
Figure 4. Same with Fig. 3 but for daytime results before crosstalk correction. 

a b 

c d 

a b 

c d 
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Figure 5. Seasonal distributions of CALIOP total depolarization ratio (𝛿௧, %) at nighttime after 
crosstalk correction. (a) March - May; (b) June - August; (c) September - November; (d) December - 
February. Data are seasonal average climatology for the 2008-2020 period and have been averaged 
to 1° latitude × 1° longitude pixels. 

 
Figure 6. Same with Fig. 5 but for daytime results after crosstalk correction. 

 
Figure 7. Ocean total depolarization ratio comparisons after (sky blue color) and before (orange 
color) crosstalk corrections during (a) nighttime and (b) daytime. 

a b 

c d 

a b 

c d 
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Figure 8. Relative differences between the depolarization ratios before and after crosstalk correc-
tion (ఋ೟,್೐೑೚ೝ೐ିఋ೟,ೌ೑೟೐ೝ

ఋ೟,ೌ೑೟೐ೝ
× 100%) at daytime. (a) March - May; (b) June - August; (c) September - No-

vember; (d) December - February. 

4. Discussion and Conclusions  
In this study, we introduce two approaches to estimate the polarization crosstalk be-

tween CALIOP’s 532 nm parallel and perpendicular channels. Both estimates are obtained 
directly from the CALIOP Level 1 data. Crosstalk magnitudes can be estimated from the 
clear air depolarization ratios measured between 20 and 30 km (methods 1) and from the 
ocean backscattered signals in the parallel and perpendicular channels (method 2). The 
advantage of the second method is that it does not require use of the measured clean air 
depolarization ratio (which can be contaminated by intermittent injections of strato-
spheric aerosols), nor does it require explicit knowledge of either the polarization gain 
ratio or the theoretical value of the clear air depolarization ratio. The CALIOP crosstalk 
values retrieved by both methods are less than 1% over the CALIPSO entire mission, thus 
verifying that the engineering design goal of less than 1% crosstalk between the two po-
larization channels at 532 nm has been successfully accomplished and setting the standard 
for future space-based lidar missions.   

The proposed crosstalk correction methods have been used to correct CALIOP’s 
measurements of attenuated backscatter coefficients at the near surface of the Earth’s 
oceans. The global ocean total depolarization ratios are retrieved from the corrected ocean 
attenuated backscatter coefficients and are compared with those before crosstalk correc-
tion. The results indicate the relative errors of ocean total depolarization ratio before cross-
talk correction are ~55% during nighttime and ~42% during daytime and can be up to 
200% over low-nutrient and low-biomass oceans. As a result, using CALIOP crosstalk-
corrected signals is highly recommended for all ocean subsurface studies e.g., calculations 
of bbp, POC, phytoplankton biomass, etc. Our results strongly support the continued use 
of CALIOP measurements to study the global plankton system of the upper ocean.    
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