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For the CALIPSO lidar system, the laser produces simultaneous laser pulses at 1064 nm and 532 nm.
Beam expanders reduce the angular divergence of the transmitted laser beam to produce a beam diameter
of 70 m at the Earth’s surface. CALIOP is the first polarization lidar (cross-polarization and co-
polarization channels at 532 nm) to provide global vertical profiles of the elastic backscattering from a
near nadir-viewing during both day and night with a vertical resolution of 30 m in the atmosphere, and
22.5 m in the water (because of the 1.32 refractive index of water at 532 nm) [9].

In this study, CALPSO level 1 version 3 data products were used. The integrated attenuated backscatter
(IAB) is defined as ¥, =cpexp(=27) , with the lidar ground reflectance p (/sr), ¢ as the instrument .
constant and t as the measured atmospheric optical depth, A as the wavelength (532nm and 1064nm for
the CALIOP lidar). The color ratio used in this study is defined as 7532‘““/7'%““'"4 The integrated
depolarization ratio at 532nm is defined as the ratio of the cross-polarized signal to the co-polarized signal
6=y /y".We also used AMSR-E/Aqua level 3 grided product at 12.5 km spatial resolution that provides
a dailly averaged sea ice concentration of the Arctic region [10], and MODIS/Aqua snow cover
MYDI10CM (level 3, monthly) [11] and snow albedo product MYD10A1 (level 3, daily) [12].
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ABSTRACT

The Cloud-Aerosol Lidar with Orthogonal Polarization (CALIOP), a  Although the primary objective of the CALIPSO mission has been studying the  ratio less than 0.2. The values of integrated attenuated
two-wavelength (532 nm and 1064 nm) polarization lidar (cross-  climate impact of clouds and aerosols in the atmosphere. CALIPSO also collects  backscatter and depolarization ratio of pond over snow/ice
polarized and co-polarized channels), is the prime payload instrument  information about other components of the Earth’s ecosystem, such as oceans [3-4]  surfaces are between values of snow/ice surface and open
on the Cloud-Aerosol Lidar and Infrared Pathfinder Satellite  and land [5-8].

water surface. That is because the melt of snow cover

Observations (CALIPSO) satellite. The CALIOP lidar was designed to  The objective of this study is to distinguish pond from snow/ice surfaces and open  significantly changes the radiative balance of the surface
provide the observations necessary to improve our understanding of the  water in the Arctic region from CALIPSO lidar measurements. Analysis shows that  with albedo dropping from ~0.8 for cold dry snow to 0.5 or
impact of clouds and aerosols on the Earth’s radiation budget and  attenuated backscatter color ratio and depolarization ratio are sensitive to these  less for ponds of melted snow on the ice, thus the
climate [1] . Current analyses indicate a potential of CALIOP lidar for  surface covers. Snow/or ice is brighter at 532nm than at 1064nm with the color  attenuated backscatter decreases as snow/ice wetness
quantifying global ocean carbon stocks [2] and ocean subsurface ratio larger than 1 and depolarization ratio at 532nm larger than 0.6. Open water is increase. The depolarization ratio of pond is from 0.2 to 0.6
backscatter [3-4] as well. much darker at 532 and 1064nm than other natural surfaces with depolarization with the color ratio between 1 and 1.5.
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Fig. 2. 2D histogram of Depolarization ratio and color ratio for different months.

Figure 2 shows the 2D histogram of the depolarization ratio and color ratio for
different months. As shown in Fig. 2, there are no bare land surfaces in winter time
(Jan., Feb. and Dec.). Snow melt can be observed by CALIOP over Spring,
Summer and Fall seasons. The values of color ratio and depolarization ratio of pond
over snow/ice surface (or over land surfaces) are between values of snow/ice
surface and open water surfaces (or land surfaces). That is because snow albedo
decreases as the liquid water content increase, thus the attenuated backscatter and
depolarization ratio decreases as snow/ice wetness increase. Figure 3 and 4 shows
the pond probability distribution compared very well with the AMSR-E sea ice
concentration and MODIS snow cover.
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CALIPSO land surface lidar measurements, such as depolarization ratio,
color ratios can be used to understand land surface properties. Also, the
surface lidar measurements in the clear sky can be used as pond/or snow
melt observations in Arctic region, while it does not require any assumptions
from a space-based lidar. Results show that The depolarization ratio of pond

is from 0.2 to 0.6 with the color ratio between 1 and 1.5.
We will continue on the study of pond stati
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and an entire melt season.

Fig. 1. 2D histogram of Depolarization ratio and color ratio using the CALIOP lidar measurements at nighttime in 2010 for ocean (left), land
(middle), and snow/ice surfaces (right).
The 2D histogram of depolarization ratio and color ratio using the CALIOP lidar measurements at nighttime in 2010 for ocean, land and
snow/ice surfaces is shown in Fig. 1. The results of fig.1 show that the CALIPSO color ratio and depolarization ratio measurements can be used
for surfaces classifications. For example, the permanent snow/ice surface has the depolarization ratio of about 0.7740.07, and for the land
surface the depolarization ratio is about 0.37+0.09. The depolarization ratio of ocean surface is about 0.01+0.01.

Fig. 3 Pond probability distribution vs. AMSR-E sea ice concentration
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