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ABSTRACT 

The Greenland and Antarctic ice sheets, which contain enough ice to raise sea 
level by about 7 and 60 m, respectively, are losing mass at an increasing rate. To acquire 
continuous information of the cryosphere, after the Ice, Cloud, and land Elevation 
Satellite (ICESat) (2003-2010), NASA is actively planning for the ICESat-2 mission. 
Both ICESat and ICESat-2 are space-borne lidar altimetry systems. The systems measure 
the time of flight of the arriving photons that are reflected by the surface to deduce the 
elevation of the underlying terrain. As one of NASA's top priority missions, ICESat-2 is 
scheduled to launch in 2016. One of the major science goals of ICESat-2 is to quantify 
the ice sheet mass balance to determine its contributions to the sea level change and its 
impacts on ocean circulation (Abdalati et al. 2010). Compared to ICESat, which operates 
at 40 Hz and records the reflected laser energy as a waveform, the significantly improved 
ICESat-2 lidar employs a 532 nm micro-pulse photon counting system that operates at a 
high frequency of 10kHz with single photon detectability (Yang et al. 2012). 

To achieve its science goals, ICESat-2 requires the ability of detecting the 
elevation change with an accuracy of 0.2 cm/year over the entire ice sheet. Since every 
photon emitted by the lidar system will travel through the atmosphere, clouds can 
certainly affect the flight time of the arriving photons. Forward scattering by cloud 
particles increases the photon path length, thus resulting in biases in ice sheet elevation 
measurements known as atmospheric path delay (Duta et al. 2001, Yang et al. 2010, 
2011). To ensure the accuracy of ICESat-2 surface elevation measurements, it is critical 
to understand how clouds would affect the travel time of arriving photons. 

In this talk, we will first present a framework that simulates the behavior of a 
space-borne 532 mn micro-pulse photon counting lidar in cloudy and clear atmospheres. 
To investigate the process of laser propagation through clouds, a 3-D Monte Carlo 
radiative transfer model is used to simulate the photon path distribution and the Poisson 
distribution is adopted for the number of photon returns. Since the photon counting 
system only registers the time of the first arriving photon within the detector "dead time", 
the retrieved average surface elevation tends to bias towards higher values. This is known 
as the first photon bias. With the scenarios simulated here, the first photon bias for clear 
sky is about 6.5 cm. Clouds affect surface altimetry in two ways: (I) cloud attenuation 
lowers the average number of arriving photons and hence reduces the first photon bias; 
(2) cloud forward scattering increases the photon path length and makes the surface 
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appear further away from the satellite. Compared to clear sky, the average surface 
elevation detected by the photon counting system for cloudy sky with optical depth 1.0 is 
4.0 to 6.0 cm lower for the simulations conducted. The effect of surface roughness on the 
accuracy of elevation retrievals will also discussed. 

References: 

W. Abdalati, H. J. Zwally, R. Bindschadler, B. Csatho, S. L. Farrell, H. A. Fricker, D. 
Harding, R. Kwok, M. Lefsky, T. Markus, A. Marshak, T. Neumann, S. Palm, B. 
Schutz, B. Smith, J. Spinhime, and C. Webb, "The ICESat-2 laser altimetry 
mission," Proc.lEEE, vol. 98, no. 5, pp. 735-751, May 2010. 
doi: 10.11 09/JPROC.2009 .2034765. 

D.P. Duda, J. D. Spinhime, and E.W. Eloranta, "Atn10spheric lllultiple scattering effects 
on GLAS altimetry - part I: Calculations of single path bias," IEEE Trans. Geos. 
Rem. Sens., vol. 39, pp. 92-101,2001. 

Y. Yang, A. Marshak, T. Vamai, W. Wiscombe, P. Yang, "Uncertainties in Ice-Sheet 
Altimetry From a Spacebome l064-nm Single-Channel Lidar Due to Undetected 
Thin Clouds," IEEE Trans. Geos. Remote Sens., vol. 48, 250-259. 2010. 

Y. Yang A. Marshak, S. Palm T. Vamai, W. Wiscombe, "Cloud Impact On Surface 
Altimetry From A Spaceborne 532 nmMicro-Pulse Photon Counting Lidar: System 
Modeling For Cloudy And Clear Atmospheres," IEEE Trans. Geos. Remote Sens. 
vo1.49, no.12, pp.4910-4919, Dec. 2011. doi: 10.1109/TGRS.2011.2153860. 

Y. Yang, A. Marshak, S. Palm, Z. Wang, C. Schaaf, ttAssessment of Cloud Screening 
with Apparent Surface Reflectance in Support of the ICESat-2 Mission," IEEE 
Trans. Geos. Remote Sens. 2012. (submitted). 




