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1 DATA DESCRIPTION 

The ATL04 data product is described in detail in the ICESat-2 Algorithm Theoretical Basis Document for 

the Atmosphere, Part I: Level 2 and 3 Data Products (ATBD for ATL04/09, V7 | 

https://doi.org/10.5067/2Z50X3MKTVCE). 

 Summary 

ATL04 contains along-track normalized relative backscatter (NRB) profiles of the atmosphere. The 

product includes full 532 nm (14 km tall) uncalibrated attenuated backscatter profiles at 25 times 

per second for vertical bins of approximately 30 meters. Calibration coefficient values derived from 

data between 13.5 and 11 km above the surface are also included. The data were acquired by the 

Advanced Topographic Laser Altimeter System (ATLAS) instrument on board the ICESat-2 

observatory. 

 File Information 

1.2.1 Format 

Data are provided as HDF5-formatted files. 

1.2.2 Naming Convention 

Data files utilize the following naming convention, as described in Table 1: 

ATL04_[yyyymmdd][hhmmss]_[ttttccss]_[vvv_rr].h5 

Example: 

ATL04_ 20200813233552_07580801_007_01.h5 

Table 1. File Naming Convention Variables and Descriptions 

Variable Description 

ATL04 ATLAS/ICESat-2 L2A Normalized Relative Backscatter Profiles 

yyyymmdd Year, month, and day of data acquisition 

hhmmss Hour, minute, and second of data acquisition (UTC) 

tttt Reference Ground Track (RGT). The ICESat-2 mission has 1,387 RGTs, numbered 

from 0001 to 1387. 

cc Cycle number. Each of the 1,387 RGTs is targeted in the polar regions once every 

91 days. The cycle number tracks the number of 91-day periods that have elapsed 

since ICESat-2 entered the science orbit. 

ss Region number; always "01" for ATL041. 

https://nsidc.org/
https://doi.org/10.5067/2Z50X3MKTVCE
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Variable Description 

vvv_rr Version and revision number2 

1 Some ATLAS/ICESat-2 products (e.g., ATL03) are provided as files that span 1/14th of an orbit. As 

such, these products' file names specify a region number that ranges from 01 to 14. Because ATL04 

data files span one full orbit, the region number is set to 01. 

2 Occasionally, NSIDC receives reprocessed granules from our data provider. These granules have the 

same file name as the original (i.e., date, time, ground track, cycle, and region number), but the revision 

number has been incremented. Although NSIDC deletes the superseded granule, the process can take 

several days. If you encounter multiple granules with the same file name, please use the granule with the 

highest revision number. 

1.2.3 File Contents 

A complete list of all ATL04 parameters is available in the ATL04 Data Dictionary. 

ATL04 data are provided as granules (files) that span one orbit (i.e., one RGT). Within data files, 

similar variables such as science data, instrument parameters, orbit information, and metadata are 

grouped together according to the HDF model. ATL04 data files contain the top-level groups shown 

in the following figure: 

   
Figure 1. ATL04 top-level data groups. 

The following sections summarize the contents of the data groups shown in Figure 1. Additional 

details are available in "Section 3.2 | L2A Outputs" of the ATL04/09 ATBD.  

1.2.3.1 ancillary_data 

Ancillary information such as product and instrument characteristics and processing constants. 

1.2.3.2 ds_surf_type 

This parameter, stored at the top level alongside the data groups, is a dimension-scale variable 

indexing the surface type array (/profile_[x]/surf_type). 

https://nsidc.org/
https://nsidc.org/sites/default/files/documents/technical-reference/icesat2_atl04_data_dict_v007.pdf
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1.2.3.3 METADATA 

ISO19115 structured summary metadata. 

1.2.3.4 meteorology_molec_bkscat 

Sampled GEOS-5 FP-IT meteorological model data and molecular backscatter. Data are created 

from time/locations of the center profile (profile 2) and stored at a 1 Hz rate. 

1.2.3.5 orbit_info 

Parameters that are constant for a granule, such as the RGT number, cycle number, and 

spacecraft orientation (sc_orient). 

1.2.3.6 profile_[x] 

The profile_1, profile_2, and profile_3 groups contain the NRB profiles 

(profile_[x]/nrb_profile) of the leftmost, center, and rightmost ground tracks (with respect to 

the satellite direction of motion). The profile_[x] data groups also contain a number of other key 

parameters, including the following: 

• Latitudes and longitudes (WGS 84, top of the atmosphere histogram) of the profiles 

• The ellipsoidal height at the top of the atmospheric range window (atm_tw_top) and its bin 

number within the vertically aligned frame (nrb_top_bin) 

• Surface type (surf_type) 

• Solar background (photons per bin) computed using three methods (backg_method1, 

backg_method2, backg_method1) 

• Counts of low-, medium-, and high-confidence surface signal photons derived from ATL03 

processing (sig_count_low, sig_count_med, sig_count_hi) 

• Descriptive statistics (mean and standard deviation) for the ATL03 low-, medium-, and 

high-confidence surface signal photon heights 

1.2.3.7 quality_assessment 

QA data for the granule, plus summary QA data. These include statistical metrics for each profile 

related to background computations, the calibration constant computation, and surface detection. 

For example, ht_diff_avg is the average of the surface height minus the DEM height. 

 

https://nsidc.org/
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1.2.4 Browse Files 

Browse images are designed to quickly assess the location and quality of each granule's data. 

Browse files are available as JPGs that utilize the same naming convention as the corresponding 

data file but with "_BRW" and descriptive keywords appended. 

A list of available images is shown in Table , and an example is shown in Figure 2. 

Table 2. Images Available as Browse 

Image Description 

nrb_profile (default1) Normalized relative backscatter 

groundtrack (default2) Satellite ground track on a global map 

backg_method1 Computed background using method 1 

backg_method2 Computed background using method 2 

backg_method3 Computed background using method 3 

cal_c Calculated calibration constants 

solar_elevation Solar elevation 

surface_sig Magnitude of the surface return (photons) 

 

 
Figure 2. Browse image (nrb_profile) showing Normalized Relative Backscatter. 

 

https://nsidc.org/
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 Spatial Information 

1.3.1 Coverage 

Spatial coverage is nearly global (approximately 88° N to 88° S). 

1.3.2 Resolution 

The atmospheric profiles consist of 30 m bins in a 14 km tall column, where the top is nominally 

13.75 km above and the bottom is -0.25 km below the local value of the digital elevation model 

(DEM) (see "pulse aliasing" in Section 1 of the ATL04/09 ATBD). After summing 400 shots, the 

three strong beams are downlinked to produce three 25 Hz profiles with a 280 m along-track 

resolution. 

1.3.3 Geolocation 

World Geodetic System 1984 (EPSG 4326) 

ITRF2020 (EPSG: 9988) 

 Temporal Information 

1.4.1 Coverage 

Temporal coverage is 14 October 2018 through the most current processing. 

Satellite maneuvers, data downlink issues, and other events can introduce data gaps into the 

ICESat-2 products. Users can download and consult a regularly updated list of data gaps (.xlsx) 

in the lower-level ATL03 product. 

Note: Temporal updates to the product are made available to users a few times per year. The 

addition of these new files is not reflected in the Version History section of the user guide. 

1.4.2 Resolution 

ICESat-2 flies along each of its 1,387 Reference Ground Tracks once every 91 days (i.e., the orbit 

has a 91-day repeat cycle). During many repeat cycles, the beam pattern is shifted from the 

previous cycle's pointing pattern a variable amount in the cross-track direction during parts of each 

orbit to increase the density of spatial coverage. 

https://nsidc.org/
https://nsidc.org/sites/nsidc.org/files/technical-references/ICESat-2_data_gaps.xlsx
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2 DATA ACQUISITION AND PROCESSING 

 Background 

The mission objective for the ICESat-2 atmospheric data is to produce a cloud/no cloud flag and to 

generalize the intensity of multiple scattering of the laser pulse due to clouds, fog, and blowing 

snow. The resulting profiles are passed to and used by higher-level products to characterize the 

atmosphere. 

 Acquisition 

To acquire high-resolution altimetry measurements, ATLAS uses a high repetition rate laser (10 

KHz). Each laser pulse is separated by only 30 km in the vertical. Thus, when a pulse (pulse 1) 

strikes the ground, the laser pulse right after it (pulse 2) is at 30 km altitude. When the ground 

return from pulse 1 reaches 15 km altitude (on its way back to the satellite), laser pulse 2 is at 15 

km also (but traveling downward). The atmospheric return from pulse 2 (from 15 km altitude) 

travels back to the receiver at the same time as the ground return from pulse 1. If a cloud was 

present at 15 km, then its scattering signature would appear at the position of the ground return. If 

a cloud was present at 16 km, then it would appear 1 km above the surface in the 14 km 

atmospheric profile. This "folding" occurs throughout the atmospheric column. 

In general, the atmospheric scattering that is recorded by the instrument at height H (km) is the 

sum of the scattering at height H, H+15, H-15, H+30, H-30, H+45, H-45, etc. 

 Processing 

The NRB profiles are created by subtracting the solar background photons from raw photon counts 

(passed from ATL02), multiplying by the square of the range from the satellite to the return height, 

and normalizing by the laser energy.  

2.3.1 Inputs 

The following inputs are required by the ATL04 algorithm: 

• Ground signal photon magnitude and width (ATL03) 

• Raw strong beam atmosphere profiles (ATL02) 

• Laboratory data relating signal magnitude and width to detector efficiency 

• Meteorological data from the Global Modeling and Assimilation Office (GMAO) 

• Ozone concentration (mixing ratio) from GMAO 

• Global Multi-resolution Terrain Elevation Data 2010 (GMTED2010) 1 km x 1 km digital 

elevation model 

https://nsidc.org/
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• Surface type (International Geosphere–Biosphere Programme)  

• Solar azimuth and zenith angle 

• Range from Spacecraft to start of atmosphere profile (ATL02) 

• Spacecraft altitude above WGS84 ellipsoid 

• Pointing angles for each beam 

• Laser energy for each of the 3 strong beams, time, and lat/lon 

• Onboard 50 shot background (ATL02) 

• 200 shot sum shift amount (ATL02) 

A number of corrections are applied to the raw atmosphere profiles before processing the Level 2 

product: removing the transmit echo pulse (TEP), applying a dead time correction, and 

compensating for shifting between major frames (see Section 2 of the ATL04/09 ATBD). 

2.3.2 Normalized Relative Backscatter Computation 

The NRB equation includes the range from the spacecraft to height z, the measured raw signal at 

height z (photons), laser energy, the solar background (photons, computed from the received 14 

km raw photon profile), and the detector dark count rate. The components of the NRB equation are 

described in the following sections. 

2.3.2.1 Molecular Backscatter Computation 

Molecular backscatter is a function of atmospheric density, which is computed from the ancillary 

meteorology data. The molecular backscatter coefficient is computed from 60 km altitude to the 

ground once per second along the orbit track — only 20 km are stored with the ATL04 product, but 

the 60 km profile is used to correct the raw signal for molecular scattering folded into the profile 

from above.  

2.3.2.2 Molecular Scattering Folding Correction 

Prior to computing the NRB, the raw photon count profiles need to be corrected for the folding of 

molecular scattering from above 15 km into the recorded profile. The raw photon data captured by 

ATLAS at height z will have contributions from atmospheric scattering at z+15 km, z+30 km, etc. 

Particulate scattering is unknown, but molecular scattering contributions can be modeled and 

removed. 

2.3.2.3 Ozone Transmission Computation 

After determining an atmospheric density profile, the ozone transmission is calculated using ozone 

mass mixing ratios. Then, the ozone transmission term is calculated and corrected for the angle of 

the laser beam. 

2.3.2.4 Background Computation 

https://nsidc.org/
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For ICESat-2, determining the solar background is a challenge. During the day, the solar 

background and the detector dark count rate are summed as ‘background’. At night, with no moon 

(and no effect from city lights), the background is simply the detector dark count rate. 

The background computation would normally be performed using data below the ground; however, 

both molecular and cloud scattering may exist within this region due to range aliasing or folding 

(i.e., as a result of the 10 KHz laser repetition rate). The background cannot be accurately 

computed because it is not possible to remove all atmospheric scattering from the profile; thus, 

alternate approaches are needed. 

For the atmospheric profiles, the ATL04 algorithm utilizes three methods to compute the 

background and stores each result in a separate variable. Method 1 requires the solar elevation 

angle and distinguishes between nighttime, daytime, and twilight background computations. For 

daytime, the algorithm divides the 14 km raw profile into 5–6 segments, computes the mean of 

each, and uses the minimum mean as the background. For nighttime data, the algorithm uses a 

constant value for the background that reflects the detector dark count value. For twilight, defined 

as solar elevation angles between -1 and -7, the background is the average of the top 500 m of the 

profile; a scaling factor that depends on the cosine of the solar elevation angle is then applied. 

Method 2 computes statistics of a modified raw profile to compute the background. Method 3 

applies a different approach by utilizing the onboard 50-shot background rate parameter from 

ATL03, converted to units of per 30 m atmospheric bin and averaged over the profile. 

The results of all three methods are stored within each profile_[x] data group in the 

backg_method1, backg_method2, and backg_method3 variables. The background method that 

was used (1, 2, or 3) is stored in ATL04 ancillary variable backg_select 

(/ancillary_data/atmosphere/backg_select). See "Section 3.3.4 | Background Computation" 

in the ATL04/09 ATBD. 

2.3.2.5 Surface Signal 

The surface signal, defined as all of the photons reflected from the surface, can be obtained by 

searching the atmospheric profile or by using the surface signal photons that are detected via the 

ATL03 algorithm. See "Section 3.3.5 | Surface Signal" in the ATL04/09 ATBD. 

2.3.2.6 Vertical Height Adjustment 

The raw atmosphere profiles are captured based on the value of the onboard DEM at the sub-

satellite point. The profiles extend from approximately 500 m below to 13.5 km above the DEM 

value. The height of the top bin can shift from one 25 Hz profile to the next as it follows the DEM. 

The profiles are thus placed in a constant height reference frame with respect to the WGS84 

https://nsidc.org/


USER GUIDE: ATLAS/ICESat-2 L2A Normalized Relative Backscatter Profiles, Version 7 

Page 10 of 19 
National Snow and Ice Data Center 
nsidc.org 

ellipsoid for further analysis. See "Section 3.3.6 | Vertical Height Adjustment" in the ATL04/09 

ATBD. 

2.3.2.7 Lidar Calibration 

The lidar calibration coefficient relates the power received by the detector to a physical quantity—

the volume backscatter cross-section—which is primarily a function of the transmission of the 

system optics (transmitting and receiving), detector efficiency, geometric considerations, and the 

degree of alignment between the receiver field of view and the laser spot. Because these factors 

change with time in the typical lidar system and cannot easily be monitored, the lidar signal is 

continuously calibrated by comparing the measured signal to a reference target. The reference 

target is the average attenuated molecular backscatter between 13.5 and 11 km above the surface. 

The received signal in that altitude range is compared to the molecular value to obtain the 

calibration coefficient. See "Section 3.3.7 | Calculation of the Calibration Coefficient" in the 

ATL04/09 ATBD. 

 Quality, Errors, and Limitations 

In addition to browse files that contain various plots for assessing data quality, several parameters 

can be computed to assess overall quality: 

• Number of calibration values and their average and standard deviation 

• Average and standard deviation of the laser energy 

• Average, min, and max surface signal and the average of the retrieved surface height 

minus the DEM height 

• Percent of time surface was detected 

• Average, min, and max background value computed from the three methods 

The composite POD/PPD flag indicates the quality of input geolocation products per ATL03 

segment. This flag is useful for determining when ocean scans occurred, as well as other 

calibration activities. See "Section 6.0 | Quality Assessment" and "Section 7.0 | Product Quality 

Parameters" in the ATL04/09 ATBD Part I.  

https://nsidc.org/
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3 VERSION HISTORY 

Table 3. Version History Summary 

Version Date  Description of Changes 

6.1 2 Mar 2026 
Data access was removed for v6.1. Data coverage was 14 Oct 2018 to 2 Mar 

2025. 

7.0 26 Aug 2025 
• Addition of a new L3A cloud folding algorithm to better detect and flag instances 

when clouds above 15 km are folded down to the lower few km of the profile 

• Detection and flagging of layers that are wholly below ground and thus folded 

• Detection and flagging of folded layers that straddle ground 

• Setting the layer_attr parameter to a value of 11 when a layer is determined to 

be folded from above 15 km 

• Changes to the structure of the layer detection algorithm (DDA) to enable 

execution of N passes of the DDA 

• Improved thin layer detection 

6.1 1 May 2024 Data from 13 Nov 2022 to 26 Oct 2023 were reprocessed using ITRF2014 

(replacing ITRF2020) for consistency across the entire data set. 

5.0 

(retire) 

11 Jan 2024 Data access was removed for v5.0. Data coverage was 13 Oct 2018 to 13 Oct 

2022. 

6.0 11 May 2023 
• Added and modified alpha correction constants to improve calibration in the 

South Atlantic Anomaly (SAA) area. 

• Slightly modified the boundaries of the SAA box. 

4.0 

(retire) 

13 Jun 2022 Data access was removed for v4.0. Data coverage was 13 Oct 2018 to 15 Jul 

2021. 

3.0 

(retire) 

25 Jan 2022 Data access was removed for v3.0. Data coverage was 13 Oct 2018 to 11 Nov 

2020. 

5.0 29 Nov 2021 
• Reading dem_h and dem_flag from ANC39 rather than input ANC06 and 

ANC28 files for processing efficiency. 

• Changed dead time correction algorithm used to correct the surface signal 

magnitude. This should improve the accuracy of the surface_sig parameter and 

the too small winter time values over Antarctica. 

• Added the podppd_flag parameter. The podppd_flag provides identification of 

ATLAS data in nominal geolocation quality status or a degraded quality. 

podppd_flag=0 means geolocation is in RGT pointing with normal quality. 

podppd_flag=4 means geolocation is in around-the-world can or ocean scan 

with normal quality. Other values are degraded quality. This enables detection 

of ocean scans and other geolocation problems. 

• Added constant dtime_max as maximum dead time correction. This sets 

surface height to invalid if out of bounds. 

• Set Fill Value to 127 for cloud_fold_flag 

• Added checks on beam elevation off by 15 degrees (profile data are not 

reported if off pointing is too large) 

• Added check on negative dead time correction factor. This sets surface_sig to 

invalid if dead time correction factor is negative. 

• For consistency, the following constants were updated to match the SIPS 

overrides: 

asas.atl04.alpha_day_pce1 = -4.0 

https://nsidc.org/
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Version Date  Description of Changes 

asas.atl04.alpha_day_pce2 = -5.0 

asas.atl04.default_nrb_day = 9.5e14 (pce1,2,3) 

asas.atl04.max_calib_day = 3.0e21 (pce1,2,3) 

asas.atl04.max_nrb_day = 2.0e15 (pce1,2,3) 

asas.atl04.max_calib_twilight = 1.4e21, 1.2e21, 1.4e21 (pce1,2,3) 

asas.atl04.max_nrb_twilight = 5.0e14 (pce1,2,3) 

asas.atl04.min_nrb_twilight = 1.0e14 (pce1,2,3) 

2.0 

(retire) 

21 May 2021 Data access was removed for v2.0. Data coverage was 13 Oct 2018 to 15 Nov 

2019. 

4.0 13 Apr 2021 Addition of parameters, renaming of parameters, or changed descriptions: 

Group: /ancillary_data/atmosphere 

• Added /max_photon, /default_nrb_saa, /max_nrb_saa, /night_thresh_min, and 

/saa_calc_fac 

Group: /profile_x 

• Added /surface_width and /surface_conf 

• Changed parameter name from /surface_thres to /surface_thresh 

• Changed descriptions for dem_h and dem_flag replacing specific DEMs with 

the following generic references: 0=None, 1=Arctic, 2=Global, 3=MSS, 

4=Antarctic 

1.0 

(retire) 

3 Jun 2020 Data access was removed for v1.0. Data coverage was 13 Oct 2018 to 9 Jan 

2019. 

3.0 5 May 2020 
• Implemented a new approach for calibration method 3 and added new 

constants. The new calibration method computes the calibration factor using the 

average normalized relative backscatter between 13 km and 11 km 

continuously for a complete orbit, both day and night, while screening out high 

values of NRB caused by clouds. This calibration method uses a number of 

adjustable parameters that are defined and changed by control. 

• Implemented the scaling factor alpha (set to 0 in v2) for the molecular scattering 

folding correction as a function of solar angle and PCE. The changes to the 

molecular contribution to the received photon count can be computed from Eq. 

3.15 in the ATBD for ATL04/09. 

• Changed the cal_solar_elev_min and cal_solar_elev_max constants to -7 and -

1, respectively. These changes re-define the twilight portion of the orbit for 

calibration method 3 and improve the data for twilight solar elevations. 

• The following parameters were added to ancillary_data/atmosphere/. Each 

parameter is described in the file metadata and where applicable in the ATBD 

for ATL04/09: default_nrb_twilight, min_nrb_twilight, max_nrb_twilight, 

min_calib_twilight, max_calib_twilight, alpha_day_pce1, alpha_day_pce2, 

alpha_day_pce3, alpha_night_pce1, alpha_night_pce2, alpha_night_pce3, 

alpha_twilight_pce1, alpha_twilight_pce2, alpha_twilight_pce3. 

2.0 24 Oct 2019 
• Corrected several issues in the ATBD related to units. 

• Modified the calibration constant code and browse images so that browse 

image plots are correct when calibration method #2 (cal_c) is used. 

• Added a 700-bin relative humidity profile to ATL04 that can be passed to ATL09 

to help with cloud and aerosol discrimination. 

https://nsidc.org/


USER GUIDE: ATLAS/ICESat-2 L2A Normalized Relative Backscatter Profiles, Version 7 

Page 13 of 19 
National Snow and Ice Data Center 
nsidc.org 

Version Date  Description of Changes 

• Atmosphere profiles were moved down by 1 bin. This corrects a discrepancy in 

v1 in which the atmosphere profile surface height was 30 m higher than the 

altimetry surface height over the ocean in the ATL12 product. 

1.0 28 May 2019 Initial release 
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APPENDIX A – ICESAT-2/ATLAS DESCRIPTION 

The ICESat-2 observatory utilizes a photon-counting lidar (the ATLAS instrument) and ancillary 

systems (GPS, star tracker cameras, and ground processing) to measure the round-trip time a 

photon takes to travel from ATLAS to Earth and back again. The time-of-flight, absolute time, 

spacecraft location and pointing are used to determine the reflected photon's geodetic height, 

latitude, and longitude. 

The ATLAS instrument uses a single laser and a beam splitter to illuminate six different “spots” that 

each trace out a ~11 m wide track (Magruder et al., 2020) as ICESat-2 orbits Earth (Figure A - 1). 

Three of the spots are considered “strong” (spots 1, 3, and 5) and the other three “weak” (spots 2, 

4, and 6). Three independent Photon Counting Electronics (PCEs) record the photons returned to 

the telescope, each for a single pair of strong/weak spots. PCE1 records spots 1 and 2; PCE2 

records spots 3 and 4; and PCE3 records spots 5 and 6. 

Higher-level ATLAS/ICESat-2 data products are organized by ground track (GT), with GT1L and 

GT1R forming pair one, GT2L and GT2R forming pair two, and GT3L and GT3R forming pair three. 

Each GT is numbered according to the relative location of the laser spot that generates it, with 

GT1L on the far left and GT3R on the far right. Left/right beams within each pair are approximately 

90 m apart in the across-track direction and 2.5 km in the along-track direction.  

The mapping between the strong and weak spots of ATLAS, and their relative positions on the 

ground, depends on the orientation (yaw) of the ICESat-2 observatory, which is changed 

approximately twice per year to maximize solar illumination of the solar panels. The forward 

orientation corresponds to ATLAS traveling along the +x coordinate in the ATLAS instrument 

reference frame (Figure A - 1, left), with the weak spots leading the strong spots. In the backward 

orientation, ATLAS travels along the -x coordinate in the instrument reference frame, with the 

strong spots leading the weak spots (Figure A - 1, right). Atmospheric profiles are generated from 

strong spots only, and the instrument orientation determines which GT label ("gtx") corresponds to 

which profile. The spacecraft orientation is tracked in the ICESat-2 Major Activities document 

(.xlsx).  
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Figure A - 1. Spot and Ground Track (GT) naming convention. 

The Reference Ground Track (RGT) is an imaginary track on Earth through the six-spot pattern 

that is used to point the observatory. 1,387 RGTs are sampled over the course of 91 days, allowing 

seasonal height changes to be detected. Onboard software aims the laser beams so that the RGT 

is between GT2L and GT2R (i.e., coincident with Pair Track 2). Nominal RGT pointing occurs over 

the oceans and polar regions and is periodically adjusted over vegetated land areas to broaden 

global coverage. Cycle numbers track the number of 91-day periods that have elapsed since the 

ICESat-2 observatory entered the science orbit. RGTs are uniquely identified by appending the 

two-digit cycle number (cc) to the RGT number.  

Over lower latitudes, the satellite points slightly off the RGT during most cycles to measure canopy 

and ground heights. Off-pointing began on 1 August 2019 with RGT 518 after the ATLAS/ICESat-2 

Precision Pointing Determination (PPD) and Precision Orbit Determination (POD) solutions were 

adequately resolved, and the instrument had pointed directly at the RGT for at least a full 91 days 

(1,387 orbits). 

NOTE: ICESat-2 RGTs with dates and times can be downloaded as KML files from NASA's 

ICESat-2 | Technical Specs page, below the Orbit and Coverage table. Pointing plans summarized 

by cycle and off-pointing angle are posted in the ICESat-2 Major Activities document. 

The ATLAS data and data collected from ancillary systems are telemetered to the ground and 

processed into several data products (Figure A - 2). The ATL01 algorithm reformats and unpacks 

the Level 0 data and converts it into engineering units. ATL02 processing converts ATL01 data to 

science units, applies instrument corrections, and produces photon time-of-flight data. The PPD 

and POD solutions compute the pointing vector and position of the ICESat-2 observatory as a 

function of time. ATL02, PPD, and POD are used to produce the global geolocated photon data of 

ATL03 and the normalized relative backscatter profiles of ATL04, which are the base products for 

all higher-level data sets. 
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Figure A - 2. Schematic of ICESat-2 data processing and data products. 

In satellite altimetry, the reflection point of an emitted signal occurs on an instantaneous and often 

dynamic planetary surface (Figure A - 3). For ICESat-2, reflective surfaces include oceans, inland 

water bodies, solid ground, ice, vegetation, and manmade structures. Depending on the product 

and surface type, geophysical corrections are applied to measurements to account for various 

time-varying processes (Table A - 1). Upper-level products may undergo additional height 

corrections, including corrections for pulse shape and instrument characteristics. For more 

information, refer to the data product's ATBD. 
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Table A - 1. Geophysical Corrections Applied to ICESat-2 Products 

ICESat-2 Products by Surface Type Geophysical Corrections1 

Photon-level product (ATL03) (i.e., corrections 

applicable across all surface types) 

Ocean loading 

Solid Earth tide  

Solid Earth pole tide 

Ocean pole tide 

Total column atmospheric delay 

Land Ice, Land, and Inland Water (ATL06, 

ATL08, and ATL13) 

No geophysical corrections beyond ATL03 

Sea Ice (ATL07 and ATL10) ATL03 corrections 

Referenced to mean sea surface 

Ocean tide  

Long period equilibrium ocean tide 

Dynamic atmosphere correction 

Ocean (ATL12) ATL03 corrections 

Ocean tide 

Long period equilibrium ocean tide 

1For details, see Section 5 of the ICESat-2 Data Comparison User's Guide for Rel007 available on the ATL03 data set 

landing page. 
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Figure A - 3. Geophysical corrections used in satellite altimetry 
(Source: ICESat-2 Data Comparison User's Guide for Rel007, 

Available on the ATL03 Data Set Landing Page). 
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