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Laser Altimetry Applications for a Changing World:
Working with ICESat-2 Inland Surface Water Data
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ICESat-2 Global Inland Water Domain
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Satellite ‘ Products

Observations Schematic

(ATLAS)

Advanced
Topographic
Laser Altimeter
System

ATL13

continuous
short segments

0.7m spacing
11m footprint

Weak Beam 25 mJ ?
Strong Beam 100 mJ ?

https://nsidc.org/data/ATL13

ICESat-2 Inland Water Products

ICESat2 Flight
Direction

https://nsidc.org/data/ATL22
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‘ Principal Hydrology
Products
Name Units
ht_water_surf (WGS84) m
ht_ortho (EGM2008) m
subsurface_attenuation m-’
segment_slope_trk_bdy -
stdev_water_surf m
sig_wv_ht m
water_depth m
u_derived m/s

Jasinski, Stoll, Hancock, Robbins, Nattala, et al, Algorithm Theoretical Basis Document (ATBD) for Along Track Inland Surface

Water Data, ATL13, Release 7, March 2024, NASA GSFC, 186 pp. NSIDC, https://doi.org/10.5067/46B0943W5S52X
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https://nsidc.org/data/ATL13

Example 1: Eagle Lake CA
Oct 19, 2018
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* Water Surface Height RMSE = 0.058m
when compared against 2 yrs in situ data 1522 <
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More info

ELEVATION PROFILE ATLO3 PHOTON HEIGHTS

ATLAS b

- Beam: gtir - Showing 7.69% data sample rate

Total number of photons: 6 - Total segments: 1,705 - Segment range: [

\TL13 inland water h

Return Signal Photons

Lati

Distance (km)

Confidence:
Medium [60]  » High [9939]

5 km 2021-08-24

Lat: 42,4759, Lon: 78.1849




Example 3: Confluence of
Yukon and Koyukuk Rivers, AK

WGS84 Height (m)
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Yukon River at Koyukuk, AK -- 11/15/2019
RGT 762 GT3R (strong)
ATL13_20191115171927_07610501_003_01.h5
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Yukon River at Koyukuk, AK -- 11/15/2019
RGT 762 GT2R (strong)
ATL13_20191115171927_07610501_003_01.h5
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Yukon River at Koyukuk, AK -- 11/15/2019
RGT 762 GT1R (strong)
ATL13_20191115171927_07610501_003_01.h5

Avg Height
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Yukon River at Koyukuk, AK -- 11/15/2019
RGT 762 all beams (R strong, L weak)
ATL13_20191115171927_07610501_003_01.h5
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Retrievals

Example 4: Florida Coastal Zone
Marquesas Keys 08/11/2019

Beam
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Water Surface
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Recent Inland Water
Product Updates

ATLAS/ICESat-2 L3A Along Track = Released Aug 2025
Inland Surface Water Data, Version 7

DATA SET ID: ATL13
DOL: 10.5067/ATLAS/ATL13.007

National Snow and Ice Data Center

a part of CIRES a1 the University of Colorado Boulder

NEWS & ANALYSESv  DATAY  OURRESEARCH LEARNY  ABOUT WV Q =

National Snow and Ice Data Center

& part of CIRES ut the Umiversity of Colorsde Doulder

NEWS & ANALYSES Y  DATAY  OURRESEARCH LEARNY  ABOUT YV Q =

ATLAS/ICESat-2 L3A Along Track Nall"’lr':'S‘"f"fa"dllﬁ‘inazaf enter NEWS & ANALYSESV DATAV OURRESEARCH LEARNN ABOUTV Q. «&
Inland Surface Water Data Quick Look,
Version 7

DATA SET ID: ATL13QL

PO SIS ATLAS/ICESat-2 L3B Mean Inland
Overview Surface Water Data, Version 4

DATA SET ID: ATL22

AT L1 3 Q L i ( “-) ’_B' DOL: 10.5067/ATLAS/ATL22.004

L

ATL13 provides along-track surface water products for i

USER GUIDE CITATION SUBSCRIBE
rivers, and a 7 km near-shore buffer. Data parameters in
including significant wave height, transect slope, subsur
i i i i This is the most recent version of these data. Versio| = ) (T ?
surface heights are provided as both orthometric height ATL22 (m) ¢ f(l

to produce the ATLAS/ICESat-2 L3B Mean Inland Surfac USER GUIDE CITATION SUBSCRIBE SERVICE

Parameter(s): SURFACE WATER FEATURES Overview

Platform(s): ICESat-2 This is the most recent version of these data. Version Summary +

Sensor(s): ATLAS ATL13QL is the quick look version of ATL13 and is based on the same algorithms that generate the

Overview

Data Format(s): HDF5 products. Once final ATL13 files are available, the corresponding ATL130QL files are removed. ATLY

Overview

Temporal Coverage: 13 October 2018 to present track surface water products for inland water bodies, defined as lakes, reservoirs, bays, estuaries, ri Data Access & Tools

Temporal Resolution: 91 day shore buffer. Data parameters include surface water height statistics and related parameters includ|

height, transect slope, subsurface signal attenuation, and shallow water bathymetry. Water surface ATL22 includes the per-beam mean surface water height, mean surface height standard deviation, and mean ATLAS 532 Documentation

as both orthometric height and height referencing the WGS84 ellipsoid nm attenuation coefficient over a water body transect, reported at the center of the beam transect. Additional

parameters include the beginning and end of the transect, transect length, and center of transect. ATL22 is derived from Help Articles
Parameter(s): SURFACE WATER FEATURES

Platform(s): ICESat-2

ATLAS/ICESat-2 L3A Along Track Inland Surface Water Data (ATL13).

Parameter(s): SURFACE WATER PROCESSES/MEASUREMENTS

Platform(s): ICESat-2
Sensor(s): ATLAS
Data Format(s): HDF5




ICESat-2 Metrics

Along TraCk PrOd ucts ICE, CLOUD, AND LAND ELEVATION 1
Data Product Users Files
ATLO6 ATLO6/L3A Land Ice Height 2218 17,814,578
ATLO7 ATLO7/L3A Sea Ice Height 696 1,909,495
ATLO8 ATLO8/L3A Land and Vegetation Height 4615 28,138,763
ATLO9 ATL09/L3A Qalibrated Backscatter Profiles and Atmospheric Layer 386 465,686
Characteristics
ATL10 ATL10/L3A Sea Ice Freeboard 517 2,044,817
ATL11 ATL11/L3B Annual Land Ice Height 302 529,929
ATL12 ATL12/L3A Ocean Surface Height 433 1,196,947
ATL13 ATL13/L3A Inland Water Surface Height 1564 1,519,912
ATLO7QL  L3A Sea Ice Height Quick Look 97 8,276
ATLOSQL  L3A Land and Vegetation Height Quick Look 365 78,918
ATLO9QL 42 4,562
L3A Calibrated Backscatter Profiles & Amospheric Layer Characteristics QL
ATL10QL  L3A Sea Ice Freeboard Quick Look 69 16,018
148 8,454 :)

ATL13QL L3A Inland Water Surface Height Quick Look



ATL14

ATL15

ATL16

ATL17

ATL19

ATL20

ATL21

ATL22

ATL23

ATL24

ICESat-2 Metrics
Mean/Gridded Products

Data Product
L3B Gridded Antarctic and Arctic Land Ice Height

L3B Gridded Antarctic and Arctic Land Ice Height Change

L3B Weekly Gridded Atmosphere

L3B Monthly Gridded Atmosphere

L3B Monthly Gridded Dynamic Ocean Topography

L3B Daily and Monthly Gridded Sea Ice Freeboard

L3B Daily and Monthly Gridded Polar Sea Surface Height Anomaly
L3B Mean Inland Surface Water Data

L3B Monthly 3-Month Gridded Dynamic Ocean Topography

L3A Along Track Coastal and Nearshore Bathymetry

Users

250

284

64

58

88

223

90

167

65

134
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Files
1,259

5,900
2,928
1,443
2,749
17,910
14,950
102,607
2170

104,536
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Global Reservoir Bathymetry Dataset Using Multi-Source
Satellite Imagery and Altimetry (Gao et al, 2020)
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ICESat tracks over Lake Mead 2003 - 2009

Citations:

Texas Data Repository, V1
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Location map of the 347 reservoirs

120° E

- Gao, Huilin, 2020, "Global Reservoir Dataset", https://doi.org/10.18738/T8/TO5HJG, Texas Data Repository, V1

- Li, Y., Gao, H., et al.2020. Remote Sens. Environ. 244, https://doi.org/10.1016/j.rse.2020.111831
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https://doi.org/10.18738/T8/TO5HJG
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/ice-cloud-and-land-elevation-satellite

Assimilation of Satellite Altimetry Lake Time Series %@@
USing Data ASSiminiion ICE, GLOUD, AND LAND ELEVATIO!

Lake Issyk-Kul
Water Surface Elevation With Respect To Geoid
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4/10/2018 10/27/2018 5/15/2019 12/1/2019 6/18/2020 1/4/2021 7/23/2021 2/8/2022 8/27/2022 3/15/2023 10/1/2023

Spatial Repeat Frequency
Resolution

ICESat-2 ATLAS 11 m 91 days

369 days
CryoSat-2 SIRAL 250 m o e ela]
Sentinel-6 POSEIDON4 300 m 10 days

SWOT KaRIn 50 m 21 days GQ DDARD



Summary

ICE, CLOUD, AND LAND ELEVATION 52

Strengths
e Offers global Data products

Orbit inclination Angle = 92 deg

Addresses 1.4M water body shapes including lakes, reservoirs, rivers and near shore coasts
e High vertical & spatial accuracy

Surface height RMSE reported ~ < 5-10 cm

Water bodies > 0.1 km? and rivers ~>50 m wide
e Crossing width estimate < 50 m

Allows estimates along track elevations interrupted within, e.g. dendritic lake boundaries
e Canyield shallow water along-track bathymetric mapping ~20m in clear water

e ATL13: Well-suited for detailed hydrologic analysis, hydraulic geometry, stream discharge, etc.
» ATL22: Well-suited for water resources applications (water balance, reservoir eley, river slope/discharge)
* |ICESat-2 Software such as Open Altimetry and icepyx significantly facilitate analyses

Limitations:
* Low repeat pass frequency limits analysis especially for smaller water bodies
(routine off-pointing targets can be requested)
e Limited to partly cloudy or better conditions
e Occasional saturation effects occur limit product development G@ DDARD




Thank You!
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