Attributes for ICESat Laser Operations Periods: Latest Release

Notes| _Laser 1A Laser 18 Laser 24 Taser 27 Laser 2A Laser 2C Laser 3A Taser 38 Taser 30 Taser 30 Laser 36 Laser 3¢ Taser 36 Taser 3n Taser 3l Laser3) Taser 3K Taser 20 Laser 26 Laser 2F
— P . PreDeltaT | Post DeltaT
2 J 91-Day 91-Day
Processing Date (monthiyear) Jan12 Jan12 Jun1 Jun1 Jun1 Jun1 Oct11 Jun1 Jun1 Jun1 Juk1 Juk1 Aug-11 Aug11 Sep-11 Sep-11 Sep-11 Sep-11 Nov-11 Nov-11 Jan10
start date 202012003 312112003 912512003 10/4/2003 10/13/2003 211712004 511812004 10/3/2004 211712005 512012005 1012112005, 202212006 52412006 1012512006 311212007 101272007 211712008 10/4/2008 1112512008 31912009 913012009
End date 312172008 312072003 10/412008 10132008 | 1171972008 312172004 612172004 117812004 312412005 612312005 1172412005 312812006 61262006 1172712006 411412007 117512007 312172008 10102008 | 1211772008 411172000 1011172000
start day of year 51 80 268 217 286 8 139 217 8 140 204 53 144 208 7 215 8 282 330 68 273
End day of year 0 &8 217 286 azs 81 173 a1s a3 174 az8 a7 177 as1 104 309 81 203 352 101 284
lOrbit Reference ID (ReflD) 1102 1102 1102 2108 2108 2107 2107 2100 2m 2m 2113 2115 2115 2117 2119 2121 2123 2125 2127 2129 2131
Duration of repeat orbit cycle (days) 8 8 8 o1 o1 o1 o1 o1 o1 o1 o1 o1 o1 o1 o1 o1 o1 o1 o1 o1 o1
z‘y“c':‘:e' of orbit revolutions (tracks) per repeat orbit 119 119 119 1354 1354 1354 1354 1354 1354 1354 1354 1354 1354 1354 1354 1354 1354 1354 1354 1354 1354
Start repeat orbit cycle and track number 1 001-72 005-25 028-88 001- 1098 001-1234 001- 1284 002- 1283 001-1273 001- 1258 002-1275 001- 1282 001- 1283 002- 1283 001- 1283 001-1279 001- 1280 001- 1282 001- 1283 001-96 001- 1286 001- 1280
End repeat orbit cycle and track number 1 005-24 006-23 029-100 001-1233 002-421 002-421 003- 434 002- 452 002-426 003- 421 002- 421 002- 424 003 - 421 002-423 002-426 002-421 002-422 002-145 001-423 002- 424 002-84
Start orbit revolution since launch 580 1000 3800 3041 4077 072 7314 9383 11421 12792 15080 16036 18290 20581 22630 25681 27737 31150 31036 33483 36542
End orbit revolution since launch 1008 1126 3940 4076 4618 6463 7830 9916 11043 13202 15583 17431 16782 21075 23131 26176 28230 31375 32263 33975 36700
Number of repeat orbit cycles completed 360 098 110 010 040 036 038 039 039 07 036 07 036 036 07 07 036 016 024 036 012
[Ascending node local fime at start and end of
R T 2 T80 T80 T80 T80 T80 T80 T80 08:33-07:29 | 04:09-0305 | OL16-0012 | 2022-1918 T80 T80 T80 T80 T80 T80 T80 T80 T80 T80
;j:[':::";:‘f’;%u“":ge’g)’(‘:i)“e"“e”“'"a“” (RAELE) 865 - 86N 86S-86N | 6135-59IN | 613S-59IN | 613S-50.IN | 613S-50.AN | 6135-50.IN | 6L3S-50IN | 613S-59IN | 613S-461N | 613S-46.N | 6135-46.IN | 6L3S-46IN | 613S-46IN | 613S-46IN | 613S-46N | 6135-46.IN | 6135-46.IN | 6135-46IN | 613S-46IN | 613S-46.IN
(L:"":::ff"z%gé":g‘):s')?::;ff”"““'"a"" G 865 - 86N 865-86N | 591S-61ON | 59.1S-6LON | 591S-61O0N | 50.1S-610N | 59.1S-6LON | 59.1S-61ON | 59.1S-6LON | 591S-518N | 59.1S-518N | 591S-5L8N | 50.1S-518N | 59.1S-5L8N | 591S-518N | 50.1S-518N | 591S-5L8N | 501S-518N | 59.1S-5L8N | 591S-518N | 59.1S-518N
;j:[';‘::f:‘f;‘g;;";g;?[a’:l;"“e'"““ polning; NA NA >613S, > 59.IN| >61.35, > 59.IN| > 61.35, >59.1N| > 6135, > 59.IN| > 6135, > 59.IN| > 6135, > 50.IN| > 61.35, > 59.IN| > 61.35, > 46.IN| > 61.35, > 46.1N| 6135, > 46.IN| > 6135, > 46.IN| > 61.3, > 46.IN| > 61.35, > 46.IN| > 61.35, > 46.IN| 6135, > 46.IN| > 6135, > 46.IN| > 6135, > 46.IN| > 61.35, > 46.IN| > 61.35, > 46.1N
(L:"(':::f:afgae:;izs';’E;:gi’f"“’“k CEIE NA NA >50.15, > 610N| > 59.15, > 61.0N| > 50.15, > 61.0N| > 50.15, > 61.ON| >59.1S, > 61.ON| >59.1S, > 61ON| >59.1S, > 610N| > 59.1S, > 518N| > 59.15, > 51.8N| >59.15, > 518N| >59.15, > 518N| > 50.15, > 51.8N| > 50.15, > 51.8N| >50.15, > 5L8N| >59.1S, > 518N | >59.1S, > 5L8N| >59.1S, > 518N| > 59.1, > 51.8N| > 59.15, > 518N
(Steen|(532nm) laser pulse maximum to minimum 281020 281020 211014 211014 211014 14100 400 505 503 302 2002 TeD TeD TeD oD oD TeD TeD TeD oD TeD
transmit energy (m3)
Green receiver channel (on or off) off off on on on on on on on on on on on on on on on on on on on
[Near-infrared (NIR, 1064 nm) laser|pulse makimumito 721051 721051 801055 801055 801055 571033 33105 671062 681054 491024 43030 TeD TeD TeD TeD TeD TeD TeD TeD TeD TeD
nimum transmit energy (md)
:E:;‘V""';"E" elliptical footprint major axis meanand |5 | 455, g5 T80 86.7+-0.7 914+-36 | 1053+43 | 898+51 | 884+101 | 558+-04 | 793+116 | 554+-18 520411 523416 512417 534+-15 556+-05 573+.06 567+-06 567+-06 567+-06 567+-06 567+-06
[ear infrared elliptical footprint eccentricity meanand | 5| .99 49,017 TeD 0874+-0.001 | 0.877+-0.003 | 0884+-0012 | 082+-005 | 0892+0044 | 057+004 | 075+-005 | 063+-003 | 052+-001 | 0483+0040 | 0.479+0025 | 051+-004 | 052+-002 | 059+-001 | 052+004 | 052+-004 | 052+-004 | 052+-004 | 052+-004
gi"zg{ CrERDEEE e (B e mE e | NA NA ~36/18 ~36/18 ~36/18 ~36/26 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
[Mean and st. dev. of receive.to transmit pulse NIR 4 | 0286+0037 | 0275+-0072 | 0176+0038 | 0176+0.033 | 0268+0.043 | 024+0023 | 0202+-0074 | 0316+0075 | 0300+0102 | 0265+0.043 | 0314+0.041 | 0282+-0030 | 0271+-0032 | 0307+0.028 | 0301+0023 | 0312+0.03L | 0301+-0026 | 0316+0026 | 0215+0046 | 0163+0051 | 0.137+0.073
lenergy ratio for region South of -80 degs lat (xe-12) | *
Mean and st. dev. of receive-to-transmit pulse NIR N N N N - - N
R e e 4 T80 T80 643+-012 | 6204-017 | 890+-041 | 7.78+048 T80 T80 T80 T80 10014043 | 1012+-028 | 89406 T80 T80 T80 T80 T80 T80 T80 T80
lce sheet waveform peak amplitudes that are weak. 5 48313 68510 11881 9901 6892 8884 13862 58213 7885 10864 7803 10863 11853 5923 11872 8902 14852 8902 4951 18,820 23770
nominal, and saturated (%) s
Sea ice waveform peak amplitudes that are weak,
T e s 20746 18,784 39592 39602 38602 35623 42562 31655 34624 30636 39563 35623 35604 39563 39592 45542 40581 43552 37621 46530 63370
RN e T S Ry s 117019 1076,14 2717 23707 24707 167113 23716 20646 156916 106516 226414 177013 106714 236611 17749 2708 20728 21718 20692 27721 33643
nominal, and saturated (%) s
[Ocean waveform peak amplitudes that are weak,
R s 15,769 15806 33652 32662 34652 26723 34651 30646 27676 26695 30664 28693 27,703 28702 20701 28711 34651 26731 37630 49510 46540
ce sheet waveform saturation duration (nanosecond) | & 96 88 65 62 44 32 31 07 20 32 32 28 28 27 34 36 32 36 17 17 13
Sea ice waveform saturation duration (nanosecond) | 6 45 38 44 42 40 18 21 25 26 29 18 13 26 18 17 17 14 18 15 17 12
Land waveform saturation duration (nanosecond) s 84 67 66 66 64 44 34 50 46 52 44 36 46 39 36 a7 36 36 19 18 33
|Ocean waveform saturation duration (nanosecond) s 46 46 46 46 42 27 21 28 28 29 26 24 27 25 18 17 17 20 17 19 24
ce sheet waveform vertical extent (m) 7 816 816 816 816 816 816 816 816 816 816 150 150 150 150 150 150 150 150 150 150 150
Land waveform vertical extent (m) 3 816 816 816 816 816 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150
|Ocean and sea ice waveform vertical extent (m) 1 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 30
SIC orientation (solar arrays w.r.t. velocity vector
B T e N e e sailboat airplane saiboat saiboat saiboat saiboat airplane saiboat saiboat airplane sailboat sailboat airplane sailboat sailboat sailboat sailboat airplane saiboat saiboat airplane
GLAS coordinate axis in direction of spacecraft o N M M M M x o o " M M x o o M M N o o x
\velocity vector
;f;zs“‘c"':‘fgﬁgf"“;’ GSAS version for level 14 R33, V6.0 R33, V6.0 R33, V6.0 R33, V6.0 R33, V6.0 R33, V6.0 R33, V6.0 R33, V6.0 R33, V6.0 R33, V6.0 R33, V6.0 R33, V6.0 R33, V6.0 R33, V6.0 R33, V6.0 R33, V6.0 R33, V6.0 R33, V6.0 R33, V6.0 R33, V6.0 R31, V56
:f;:i‘c'[‘:?gﬁgﬁ’g'es‘s version for atmosphere RG33,V60 | R633,V60 | R63B,V60 | R VEO | R6, V6O | RGIZVEO | RE3ZVEO | R63IV6O | R63B V6O | REB,VEO | REIZVEO | R63ZVEO | RE3IVEO | R63BV6O | ReB,VEO | REIZVEO | RE3ZVEO | RE3IVEO | R63B,V6D | REBVEO | RSILVES
;:f;‘n';‘f‘:f::u::‘:(gf::s‘)’”s“’" for altimetry R633, V6.0 R633, V6.0 R633, V6.0 R633, V6.0 R633, V6.0 R633, V6.0 R633, V6.0 R633, V6.0 R633, V6.0 R633, V6.0 R633, V6.0 R633, V6.0 R633, V6.0 R633, V6.0 R633, V6.0 R633, V6.0 R633, V6.0 R633, V6.0 R633, V6.0 R633, V6.0 RS31,V5.6
[Letest release # and CSAS version for altimetry RG33,V60 | R633,V60 | R63B,V60 | R, VEO | R6,VEO | RGIZVEO | R63ZVEO | R63IV6O | R63B V6O | REB,VEO | REIZVEO | R63ZVEO | RE3IVEO | R63B, V6O | REB,VEO | REIZVEO | REIVEO | RE3IVEO | R63B,V6D | RBVEO | RS VEE
lgeolocation products (GLAOG, GLAL2-15)
POD SLR residuals (cm): all highiradial 8 | 14ma0s 19/NA 181811 181811 181811 17INAO.9 26011717 15INAO.9 181610 191412 211612 181811 221814 2612516 181812 201512 1815011 185011 1815011 185011 181511
Calibrations applied to latest geolocation release 9 | PRS fromL2a none LRS, ISTD, SM | LRS, ISTD, SM | LRS, ISTD, SM | LRS, ISTD, SM none P-LRS, ISTD,SM| LRS, ISTD, SM Bs‘;’;&l;‘TD'SM LRS, ISTD, SM | LRS, ISTD, SM ISTD. LRS, ISTD, SM ISTD. ISTD ISTD. 1STD. 1STD. 1STD. 1STD.
Pointing knowledge accuracy mean and st. dev. (total N N N . . . . . . . N N N N . . . . N N
B e A TELeT e, 10| 027+164 T80 0114145 | 0114145 | 011+145 | 032+128 | 013+354 | 019+113 | 002+144 | 0104100 | 0024098 | 000+117 | 047+152 | 0024116 | 000+ 148 | 0224076 | 021+160 | 005+129 | 059+-253 | 080+275 | 159+538




Horizontal geolocation accuracy mean and st.dev. (m) | 10 | 079 +4.77 T8D 033+-421 | 033+-421 | 033+421 | 093+373 | 037+1030 | 056+320 | 007+420 | 029+292 | 007+286 | 0004341 | 135+442 | 007+337 | 0004420 | 065+222 | 062+466 | 015+374 | 172+736 | 2324801 | 463+ 1564
|Vertical geolocation accuracy mean and st.dev. (em) | 1911 |  g6+-33 8D 02+204 | 02+204 | o02+204 07+26 03+72 04+23 01+203 | 02+208 01+20 00+238 10+308 | o01+23s 00+30 05+155 | 04+325 | 01+261 12+514 16+55 | 32+1092
per 0.4 deg incidence angle i
ﬁmﬁ'"‘ss"“"E'“““"""'as"““"*'s‘ L 12| 158+20 30.0+-4.2 74410 74410 74410 56415 29414 76409 29437 16415 66412 66 +09 34418 06+10 02+-08 03+11 16410 16 +10 16410 16410 16410
IGLALS ocean elevation RMS w.r.t. MSS (cm) 2 183 21 139 135 12 135 183 157 211 TeD 148 149 170 TeD TeD TeD 426 426 426 426 426
(oat5 ocean devation pscending -Descending:mean| 1y | ygivg | apse2s | aae1s | 1113 | 1ae1a | 26e13 | ctowzz | 27e11 | asse2s | oie2s | 2311 | 2seiz | eseid | a7eis | oaeiz | oseiz | 10eiz | towiz | towiz | toe1z | lowiz
(Geoid EGM2008 EGM2008 EGM2008 EGM2008 EGM2008 EGM2008 EGM2008 EGM2008 EGM2008 EGM2008 EGM2008 EGM2008 EGM2008 EGM2008 EGM2008 EGM2008 EGM2008 EGM2008 EGM2008 EGM2008 EGM2008
lOcean tide and load tide corrections: 1| TexorL TPXOT.L TPXO7.1 TPXO7.1 TPXO7.1 TPXO7.1 TPXO7.1 TPXO7.1 TPXO7.1 TPXO7.1 TPXO7.1 TPXO7.1 TPXO7.1 TPXO7.1 TPXO7.1 TPXO7.1 TPXO7.1 TPXO7.1 TPXO7.1 TPXO7.L Gots.2
JPLSRTMS0m | JPLSRTM90M | JPLSRTMSOM | JPLSRTMSOm | JPLSRTMSOm | JPLSRTMSOm | JPLSRTMOOm | JPLSRTMOOM | JPLSRTMSOM | JPLSRTMSOm | JPLSRTMSOm | JPLSRTMSOm | JPLSRTMSOm | JPLSRTMSOmM | JPLSRTMOOm | JPLSRTMOOm | JPLSRTMSOM | JALSRTMSOM | JPLSRTMSOm | JPLSRTMSOm | JpLSRTMSOm
DEM used for Hi-Res Elevation 7 Finishe Finished Fiished Finish insh Finish Finish inished Fiished Finishe insh Fiished Finish inished Finish Finish nsh Finished Finish nsh Finish
azkmsuah | g2kmswah | 42kmswah | 4zkmswah | 4zkmswa | 4zkmowath | 4zkmowah | 4zkmsuah | 4zkmsumh | 4zkmswah | 4zkmswah | 4zkmswath | 4zkmswah | 4zkmswat | 4zkmowah | 4zkmsuah | 4zkmsumh | 4zkmswah | 4zkmswah | 4zkmswath | 42kmswan
Saturation Range Correction 15| AlGains Al Gains Al Gains Al Gains Al Gains Al Gains Al Gains Al Gains Al Gains Al Gains Al Gains Al Gains Al Gains Al Gains Al Gains Al Gains Al Gains Al Gains Al Gains Al Gains Al Gains
Forward Scattering Range Correction 16 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

NA = ot available
TBD = to be determined




NOTES

NA = not available
TBD =to be determined

1) Repeat orbit cycle refers to each distinct orbit geometry, designated by the Orbit RefID, and is numbered
consecutively beginning with 001. A cycle consists of 119 orbit tracks for the 8-day orbit period, or 1354 orbit
tracks for the 91-day orbit period. Distinct orbit geometries are separated by spacecraft maneuvers, such as
changing between the 8-day and 91-day orbit periods.

2) Approximate local time at which the spacecraft crosses the equator on the ascending portion of an orbit. The
local time of the descending crossing of the equator occurs approximately 12 hours later. These times can be
used to determine the illumination conditions (daytime or nighttime) during data acquisition. ICESat is in a 96
degree inclination, retrograde orbit so ascending tracks cross the equator from SSE to NNW and descending
tracks cross from NNE to SSW.

3) Mean and standard deviation of elliptical footprint major axis length and eccentricity computed where energy
has decreased to 1/e”2 of the peak (13.5%), determined from all LPA laser spot far-field images.

4) Misalignment magnitude from green-channel LBSM field-of-view (FOV) scans. LBSM scans are not available
when the green receiver channel is off (Laser 1) or green transmit energy is low. The two values for L2a and L2b
are the misalignment and energy ratios before and after instrument temperature anamolies, occurring on DOY
286 and 50, respectively. Large misalignment (e.g. first part of L2a and early in L2b) causes FOV shadowing that
lowers the receive-to-transmit energy ratio, and skews NIR received waveform shape when the incidence angle
between laser vector and surface normal is not zero. Prior to Release 24, errors in transmit and receive energy
computations made the energy ratio results inconsistent. Correct energy ratios will be computed as Release 24
(or later) becomes available for each operations period.

4 cont.) Antarctic energy ratios are computed by taking the campaign average of the ratios of the received to
transmitted energies averaged over each track, using only shots for which the gain was below a threshold that
varied with laser energy (as a way to avoid effects due to clouds) when the spacecraft was south of -80 degs
latitude. Ocean energy ratios are computed from the same data subsets as Rows 52-54, i.e., 1-Hz smoothed
ocean data are averaged between +-65 degrees and over waters with depths > 500 m. Statistics are the average
and st. dev. of the daily global mean of parameter i_reflctUncorr, excluding partial days.



5) Defined by altimetry channel maximum digitizer count: weak < 35, 35 < nominal < 220, saturated > 220,
categorized by acquisition mask surface type. Values are means of daily percentages. Maximum digitizer count
depends on transmit energy, atmospheric transmissivity, surface reflectance and relief, transmit pulse to
receiver FOV alignment, and receiver gain as adjusted by the automated gain loop. Sea ice values are for the
area of its maximum extent and are thus a mixture of open ocean and sea ice that is seasonally dependent. Two
sets of values are provided for the L2a 91-day repeat orbit period, corresponding to data before and after the
instrument temperature anomaly on DOY 286.

6) Duration that altimetry channel digitizer counts are above 220, for waveforms designated as saturated,
categorized by acquisition mask surface type. Values are averages of daily medians. Saturation occurs when the
return energy at the detector gain level exceeds the linear response range of the receiver, causing distortion of
the waveform (flat-topped and broadened, followed by an abrupt signal decrease and low-amplitude
oscillations). Sea ice values are for the area of its maximum extent and are thus a mixture of open ocean and sea
ice that is seasonally dependent. Two sets of values are provided for the L2a 91-day repeat orbit period,
corresponding to data before and after the instrument temperature anomaly on DOY 286.

7) 81.6 m = 544 gates sampled at 0.15 m per gate. 150 m = gates 1 through 151 sampled at 0.60 m per gate, by 4x
averaging, and gates 152 through 544 sampled at 0.15 m per gate. 30 m = 200 gates sampled at 0.15 m per gate.
Where the vertical extent of the received signal exceeds the waveform extent, the signal from higher surfaces in
the laser footprint is truncated (extends above the first waveform gate) and the reported signal start is
positioned at the first gate. When the waveform is truncated, signal start (highest detected surface), signal
centroid (alternate elevation), and Gaussian fit (standard elevation) are too low.

8) Satellite Laser Ranging (SLR) data are independent observations of the spacecraft's orbital position. Statistics
cited here are RMS values of the SLR range residuals, based on comparisons with the GPS POD solutions. They
are computed for each campaign (L1, L2a not split). The first number ("all") is based on all SLR observations
during that campaign and is, therefore, representative of the 3-D orbit accuracy. The second number ("high") is
based only on SLR observations collected at elevation angles between 60 and 70 degrees ("elevation" here
meaning the local angle upward from the horizon at each SLR station), and thus approximates the orbit accuracy
in the radial direction. The third number ("radial") is based on a calculation which relates each SLR observation
to radial and other components based on the SLR pass geometry, and thus also approximates the orbit accuracy
in the radial direction. For some campaigns, the "high" numbers are not available (NA), due to a lack of
observations at the required elevation angles. Note that SLR ranging to ICESat is prohibited at elevations above
70 degrees.



8 cont.) Update 3/12/2008: POD comparison statistics for the orbits applied to the final data products (currently
Release 428) have been recalculated using the ITRF-2005 reference frame for SLR stations.

9) LRS = Laser Reference System, P-LRS = Pseudo-Laser Reference System (used during Laser 1 and periods of
low green transmit energy), ISTD = Instrument Star Tracker Distortion, ATF = Arc-Tangent Fix, SM = ocean and
round-the-world 5 degree scan maneuvers, BSTR = BST replacement of IST during sun blinding, ISTT = IST time-
tag corrections.

10) These represent accuracies averaged over long wavelengths (~1/4 orbit rev) estimated by Integrated
Residual Analysis using calibration scan maneuvers and crossovers. There could be higher frequency
geolocation errors not detected by current calibration and validation methods. Incidence angle is the angle
between the laser vector and the surface normal. The effect of field-of-view (FOV) shadowing on range residuals
is identical to a pointing error, and is thus accounted for in the scan maneuver pointing calibration. Pointing
errors and FOV shadowing exhibit temporal correlation on orbital and longer periods and thus the resulting
vertical errors are not random, exhibiting spatially correlated errors across a surface where the incidence angle
is uniform. These spatially correlated errors can introduce apparent elevation change between ascending and
descending orbit tracks and/or between laser operations periods.

11) Vertical accuracy applies to non-saturated, non-cloud returns from planar surfaces that are not affected by
atmospheric forward scattering caused by transmission through low, thin clouds. The severity of saturation,
causing waveform broadening and a derived elevation that is too low, is a function of received energy and
receiver gain and is quantified by the duration of digitizer output above 220 beginning with Release 24.
Saturation at the lowest gain (13) occurs when the received energy exceeds the linear response range of the
GLAS receiver, typical of clear-atmosphere snow and ice surfaces when NIR transmit energy is high, and
specular, smooth water surfaces. Saturation at higher gains occurs for short periods while the automated gain
loop adjusts in response to abrupt transitions in peak received energy (due to changes from low to high
reflectance, rugged to flat surfaces, and/or cloudy to clear atmosphere).



11 cont.) A laboratory-calibrated range correction, applicable only to low-slope, low-relief surfaces, for saturated
returns with gain of 13 is available in GLA06 and GLA12-15 beginning with Release 24, and will be available for
all gains beginning with Release 25. Returns from clouds can be identified by waveform character (broad signal
extent; low maximum received energy), elevations significantly above the associated DEM value and/or
correlation with cloud tops identified in the atmosphere products. The severity of atmospheric forward
scattering, causing broadening of the waveform and a derived elevation that is too low, is a function of cloud
optical depth, height, vertical extent, and particle size. The possible presence of atmospheric forward scattering
per laser shot is indicated by measures of 1064 nm integrated atmospheric backscatter and cloud height
available in GLAO6 and GLA12-15 at 40 Hz beginning with Release 24.

11 cont.) A model-based forward scattering range correction estimate of TBD accuracy for the L2a and L2b
operation periods based on the 532 nm channel atmospheric products is available in GLA06 and GLA12-15 at 1
Hz beginning with Release 18. A model-based forward scattering range correction for all laser operations
periods based on 1064 nm channel atmospheric products may be available in a future release. Waveform
saturation and atmospheric forward scattering elevation errors, each of which can be at the cm to m level, can
be coupled and offsetting. Increased cloud cover reduces saturation range error but can increase forward
scattering range error.

12) ICESat 1-Hz normal points were created for comparison to 1-Hz radar altimetry elevations and a model of
Mean Sea Surface (MSS). Ocean data are averaged between +-65 degrees and over waters with depths > 500 m.
Table statistics are the average and st. dev. of the daily statistics, excluding partial days (first & last of a
campaign). The MSS model used is GSFCO00. The GLA15 - MSS ocean bias (Row 52) has been adjusted to
remove the seasonal signal, calculated using either TOPEX (from L1ato L3c) or Jason-1 (from L3d onward; with
a 15.0 cm relative T/J bias applied) over the similar campaign time span. When radar data lags the most recent
campaign, e.g. L3e as of 4/6/2006, Row 52 will be adjusted by an average from similar seasons in past years,
until Jason radar altimetry is obtained. As a reference for comparison, Row 52 for TOPEX (Jason) averaged over
campaigns Lla-L3c (L1a-L3d) is 13.7 cm (9.0 cm); Row 54 for TOPEX (Jason) averaged over campaigns L1a-L3c
(L1la-L3d)is 0.1 +-2.2cm (-0.4 +- 1.1 cm).

13) Elevations have had ocean tide and load tide corrections applied using the GOT99.2 global ocean model
[Ray,1999]. Ray, R.D. (1999), A global ocean tide model from TOPEX/Poseidon altimetry: GOT99.2, NASA Tech.
Memo., 209478, 58 pp. As of release 29, the global ocean model used is TPXO7.1.



14) SRTM 90 m DEM elevation value for pixel in which ICESat footprint latitude/longitude is located. SRTM WGS-
84 orhometric elevations have been converted toTOPEX/Poseidon ellipsoid elevations using EGM-96 geoid and
WGS-84 to T/P ellipsoid transformation. JPL SRTM is the so called "unfinished" product which computes the 90
m pixel elevation from the average of 3 x 3 30 m pixel patches. NGA SRTM is the so called "finished" product
which is a subsampled elevation which equates the 90 m pixel elevation to the center pixel of 3 x 3 30 m pixel
patches. The "finished" product also flattens water and fills small voids by interpolation.

15) Saturation range correction is a function of receiver gain and accounts for pulse broadening due to
saturation, based on laboratory calibrations.

16) Forward scattering range correction estimates range delay due to multiple scattering through clouds layers,
based on atmospheric channel measurements of cloud optical depth, height, and thickness and a seasonally
and latitudinally dependent model of cloud particle size. The particle size model does not capture its true
variability and is thus a potential source of significant error in the range delay estimate. Computation of the
correction is presently limited to periods when 532 nm channel data with high S/N is available. In the future, an
estimate (of less accuracy) may be produced using 1064 nm channel atmospheric data.
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