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Abstract This paper sunmarized the on-orbit m easuream ent perfomance of GLAS
and analyzed the precision of its data products By camparing the high-accuracy ICE-
Satm easuran entsw ith the GPS ground surveys during 21st CH NARE nner ice sheets
expedition it is analyzed and validated that the suggested Dane A area and them eas-
ured peak point of Antarctica nner ice sheets defined during 21st CH NARE are both
correct
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The Ice Cloud and Land E levation Satellite ( ICESat) is Earth § first polar orbiting
satellite carrying a laser altmeter launched fran Vandenberg A ir Force Base Califomia U.
S on January 13 2003 The G eoscience Laser A ltm eter Systan ( GLAS) on the ICESatw as
designed constructed and tested at NASA Goddard Space Flight Center (GSFC). ICESat
is an integral part of NASA § Earth Observing Systen ( EOS), and its prmary purpose is to
detem mnate the nter-annual and long-tem changes i polar ice-sheet vohme ( and nferred
mass change) with sufficient accuracy to assess their mpact on global sea level change
(Zwally et al 2002). A lthough ICESat has been designed to meet the dan anding requ ire-
ments of cryosphere applications the GLAS measuraments have mterdisciplinary applica-
tions to land topography, hydrology vegetation canopy heights cloud heights and amos-
pheric aerosol distributions This paper summ arized the on-oib it m easuran ent perfom ance
of GLAS to date and analyzed the accuracy of its elevation m easuranents then nvestiga-
ted the digital elevationmodel (DEM ) of mner ice sheets mn China expedition research are-
as which was generated by using the data of satellite laser altin etry

1 Introduction

The canbined GLAS and spacecraft bus are collectively known as ICESat which uses
the GPS track ng systan to detem e the GLAS reference position in space

The spacecraft allws to agilely pointing to the selected target which may offset the
nan inal nadir track Such off-nadir pointing is allwed up to 5 that is the locations a-
way fran the ground reference track up to 50 km. In the polar regions to get high-accu-
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racy measurements ICESat alvays points to the reference track to canpensate for natural
otbit drift and enable near repeats ( £100m) of the tracks

ICESat runs on the near-polar low Earth ohit of approx mately 600 km altitude w ith a
94°inclination The dian eter of laser footprints is averaged only 60 m, spaced at 172m a-
long-track Two reference orbits ( or tracks) have been used by them ission an 8-day exact
repeat and a 91-day exact repeat (w ith a 33 day sub-cycle). The 8-day mnterval is adopted
to enable frequent repeats of ground calibration sites ( nearM M urdo Dry V alleys n Antarc-
tica) and the longer nterval is adopted to provide denser track coverage for science app lica-
tions

2 GLAS on-orbit perform ance

The laser 1 was activated over Svalbard Noway at 13 18 M SI, on February 2Q 2003
The GLAS 1064 nm measuraments showed strong echo pulses fran the surface and cloud
tops whereas the operation of 532 mm detectors was delayed A fier ten days laser 1
show ed unusual and faster than expected energy declne and it failed on the 38th day It
discovered unexpected manufacturing defects in the laser diode pump arrays used in the
flight lasers (Abshire et al 2005). The problan was in an mnaccessible area n a canm er-
cial part and was latent m its effects so its symptans were not evident in the earlier pre-
launch part life tests or n pre-flight laser test

Tomaxm ize its duration the ICESatm ission was re-planned to operate the ramaming
wo GLAS lasers for three 33-day campaigns per year This reduced the GLAS m easuran ent
duty cycle fran 10006 to 2o per year The laser operation canpaignswere given n Table
L. The canpaigns after Laser 2a operation period repeat the last 33 days of the 91-day repeat
cycle of Laser 2a

Tahle 1 LaserOperation/Science Canpaign Sunm ary
Laser Start D ate End Date  OibitRepeat|[ Laser StartDate  End Date O1bit Repeat
Canpaien YM-D YM-D datys Canpaien YM-D YM-D datys
L1 2003-02-20  2003-03-29 8 L 3a 2004-10-03 2004-11-08 91/33
L 2a 2003-09-25  2003-10-04 8 L 3b 2005-02-17 2005-03-24 91/33
L 2a 2003-10-04  2003-11-18 91/33+ L 3¢ 2005-05-20 2005-06-23 91/33
L 2b 2004-02-19  2004-03-21 91/33 L 3d 2005-10-21 2005-11-24 91/33
L 2c 2004-05-18  2004-06-21 91/33 L 3e 2006-02-22  2006-03-27 91/33

During Laser 2a operation period all mstrumentation operated at or near expected per-
formance and the laser was precisely pointing to the ground reference orbit over the ice
sheets The accuracy of Laser 2am easuraments is best Durig other periods sane mstu-
ments didn f operate at nomal state for exanple laser 1 was not pointing to the reference
track over the ice sheets therefore the spacing betveen repeat tracks varied fran hundreds
ofmeters to 1 kilmeter In addition during sane canpaigns din nished laser energy n
the 532 mm channel has affected the amospheric channel measurenents ( Schutz et al
2005). So the measurem ents of Laser 2a canpaign were adopted by most experments

A lthough nstrument issues have delayed the canpletion of full calibrations of the ele-
vation products the full set of data is being reprocessed w ith the goal of reaching the high
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accuracy exhibited by the Laser 2a Release 21 and data fran other operation periods Fric-
keretal (2005) used GPS ground surveys to show that the absolute accuracy of L2a Re-
lease 21 over salar de Uyuni ( after saturation correction) is about 2 an. M artin et al
(2005) used accurate terram models which have been independently generated by the
NASA A ibome TerranM apper in theW estemU. S and in the Dry Valley § of Antarctica
to show that Laser 2a Release 21 range bias is less than 2 an and pointing error is less than
2 arcsec( 1- 0).

3 Application of ICESatData n Dane A Area

ICESatm easuran ents include fifteen standard data products generated by the ICESat-
Science Investigator-led Processing Systan ( I-SIPS). They are available fran the National
Snow and Ice Data Center (NSIDC). In the polar regions the accuracy of the surface ele-
vation m easuran ents is about 15 an. W ith the high-accuracy GLAS data the precise three-
dmensionalmodel of polar ice sheets can be produced By camparing GLAS elevation
m easuran ents w ith GPS ground survey text during 21st CH NARE mner ice sheets expedr
tion this paper analyzed and validated that the Dane A area defined by RAMP DEM and
the m easured peak point of Antarctica mner ice sheets by GPS are both correct

The route survey range 0f21¢;tCH NARE nner ice sheets exped ition is 69° 22'16"S -
80° 22" 00"S 76° 15" 53" E-77°59" 26" E. Doctor Zhang Shengkaj ameanber of the 21st
CH NARE, defined the Antarctic mner ice sheets peak pont mn Dane A area by usmg
ground GPS survey on January 18 2003 The point is located at 80° 22'00" § 77°21'11
E, with the altimde of 4093 m.

H um an have never reached the Dane A area before so there is no data fran the field
observation Initially the CH NARE tean adopted the R adarsat Antarctic M apping Project
D igital E levationM odel (RAM P DEM ) w ith 200m resolution to predict the location of nner
ice sheets peak point RAMP DEM data were collected fran multiple data sources nclu-
ding satellite/aithome radar altmeter GPS surveys and geodetic maps and most of them
were collected during the 1980s and 1990s Based on the RAMP DEM, the potential peak
pointwas defned then fran the point expanding about 100 km X 100 km area known as
Dane A area ( figure 1). InDane A area the vertical accuracy of RAMP DEM is better
than 7 5m. Figure 1 shows that the peak pomtmay be locdted n wo Pos&:ible areas A rea
I and Area Il The coordinates of A rea I center is 80°28'29" S 76°50 14 E, and that of
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Fig 1 Contourmap of Dane A based on RAMP DEM (Centralmeridian 75° E. False easting 500 km).
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Area II center is 80°21'26” S 77°20'53"E, spacing at about 15 km. The field observation
by GPS during 21st CH NARE validated that the Antarctic mner ice sheets peak point loca-
ted n Area Il consistentw ith the result of RAM P DEM.

The verification data used m this paper is the polar ice sheet altmetry product——
GLA 12 data part of the ICESats fifteen data products The used data is fran Laser 2a op-
eration period of version 24 The coverage range is 68°-86°S 75°-79°E, icliding the
ground survey area of 21st CH NARE mner ice sheets exped ition

ICESat used the sane ellipsoid asTOPEX /Poseidon and Jason-1 used To canpare the
ICESat data w ith the field observation it needs to transform the ICESatm easurements nto
WGS-84 coordnate systam used by GPS The differences in geodetic latitude and longitude
betw een ellipsoids w ill produce a horizontal displacement of only a few centmeters which
so the displacan ent can be ig-
nored A ccounting for different ellipsoids w ith adequate accuracy the elevation ad usment
is a straightforw ard function of latitude It is possible to approx m ate the change n elevation
betw een ellipsoids for particular latimde using an enpirical fomula as follows

M= hy—h == ((a - a,)* cosB+ (b,— b )* sin'B) (1)

W here Ah is the difference n elevation beween ellipsoids B is geodetic latiude h,
and h, is elevations for ellibsoids 1 and 2 respectivel. @, and @, is equatorial radii of el
lipsoids 1 and 2 respectively b, and b, is polar radii of ellipsoids 1 and 2 respectively
it is needed to grid the ICESat discrete data The
GLAS elevation m easurem ents are quite dense in interested area ( Figure 2), and the topog-

iswell below the GLAS accuracy m horizontal geolocation

To draw the ice sheets topography,
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data
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raphy is relatively flat along the expedition lne SoK rigingm ethod was used to grid the IC-
ESat data by Surfer sofware The ice sheets DEM fran Zhongshan Station to Dane A is giv-
en in figure 3

Gauss Projectwas done with the Dane A area selected fran the DEM of Zhongshan
Station to Dane A area as shown in figure 3 with 75° E centralmeridian and 500km false
easting Its solmemap is shown m figure 4 There are four isolnes whose elevation values
are greater than 4090m, 4090m, 4091 m, 4092m and 4092 326 m respectively A ccord-
ng to the distrbution of GLAS elevation m easuranents the area where elevation valie is
greater than 4091 m can be divided mto o small regions The wo regions and their cen-
ters are respectively i consistentw ith the Dane A peak point possible Area I and A rea 11
defmed by RAMP DEM. So it can conclude that the Area I and A rea Il defned by RAM P
DEM are reasonable

In figure 4 the area where elevation value is greater than 4092 326 m, is contamned
in the possible Area Il defned m RAMP DEM, and its center coord mates is 80°21'36" S
77°20'24'F. Themaxinum elevation value fran ICESat data is 4092 408 m, located at 80°
21" 46”3 77° 20" 13" E, which is about 500 m away fran the field survey Dane A peak
point So it is proved that the Antarctica inner ice sheets peak point ndeed lays in this area
and the Dane A peak point detem mned by GPS ground survey during 21stCH NARE is ac-

curate
4 Conclusions

This paper analyzed the ICESat$ on-otb it perfom ance and its elevation m easuram ents
ICESat data can be used to generate the Antarctic ice sheets DEM, satisfying the require-
ments of polar research Among all CLAS canpaigns Laser 2am easurements are the best
w ith high density and high accuracy which can be used to analyze the polar glaciermove-
ment and the ice sheets environrment change

In this experment the ICESat data were first adopted to validate the position of Ant
arctic mner ice sheets peak pont detem ned during 21st CH NARE The DEM of Dane A
area derived fran ICESat data is consistent w ith the RAMP DEM, and the Dane A peak
pointm easured by GPS ground survey is located in the highest area of the ICESat DEM,
quite near the max measuranent of GLAS So it validates that the nterested Dane A area
defined m RAMP DEM and the Dane A peak pointmeasured by GPS during 21st CH N-
ARE are both correct

M oreover the data fran GPS ground survey also validate the accuracy and reliability
of the space measureaments
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