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SCOPE OF THIS PRESENTATION

1. Introduction

» QOverview the Ice Cloud and Land Elevation Satellite (ICESAT) (The
Need, Mission, and Objective)

» Describe ICESAT’s Instrument: GLAS
» Describe GLAS Data Products

2. Research Topic: ASSESSMENT OF THE SEA ICE ELEVATION AND THE
MECHANICAL PROCESSES THAT INFLUENCE ICE THICKNESS USING
THE ICE CLOUD AND LAND ELEVATION SATELLITE (ICESAT)

» Purpose of this Research Project
» Purpose of the Class Project

3. ICESAT Data Analysis
» Downloaded ICESAT Products
» Utilized IDL Visualizer Software for ICESAT



WHAT IS ICESAT?

ICESat (Ice, Cloud and Land Elevation Satellite) is new
data, collected around the globe, has given scientists the
ability to see the way many things around the Earth
change, from the polar ice sheets and oceans to

rainforests.

Launched Jan 12, 2003




OBJECTIVE OF ICESat

The main objective of the ICESat mission Is to measure ice sheet
elevations and changes in elevation through time.

Secondary objectives include measurement of cloud and aerosol
height profiles, land elevation, vegetation cover, and sea ice
thickness.




ICESat
The Ice, Cloud, and Elevation Satellite

GLAS Instrument- Transmitting

¥ ' * First laser-ranging instrument for continuous
| global observations of Earth

e Data can be obtained from the National Snow
and Ice Data Center

GLAO01,05,06 2003-02-20 through 2003-03-20 and 2003-09-25 through 2003-11-18
GLA12-15 2003-02-21 through 2003-03-19 and 2003-09-25 through 2003-11-18

GLAS Instrument - Receiving



Greenland and Antarctic

-The principal mission of ICESat Is to measure the surface
elevation of the large ice sheets covering Antarctic and
Greenland. Measurement of elevation change over time will
show whether the ice sheets are melting or growing.

- Greenland and Antarctic hold enough fresh water to raise
global sea level (80 m if they melted completely).

- ICESat will spend 5 years In orbit detecting changes in the
amount of water stored in the polar deep freeze.
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Shrinkage of Arctic Sea Ice Pack

Sea Ice-Ocean model driven by
known atmospheric forcing suggests
that thickness of sea ice is reducing
even faster than the area
(W. Maslowski, Naval PS).

O Observational verification of
thickness change is critical need to
estimate when the Arctic Ocean may
be “ice-free” during summer.




ICESat’s Instrument: GLAS

The Geoscience Laser Altimeter System (GLAS) on
ICESat has a 1064 nm laser channel for surface
altimetry and dense cloud heights and a 532 nm
lidar(light detection and ranging) channel for the
vertical distribution of clouds and aerosols.

GLAS

GEOSCIENCE LASER ALTIMETER SYSTEM

e

600 km
g¥gp~ POLAR ORBIT

LASER PULSES
1064 nm

532 nm
WAVELENGTH

The predicted
accuracy for the
surface elevation
measurements Is 15
cm, averaged over 70
m diameter laser
footprints spaced at
172 m alongtrack. The
orbital altitude iIs
around 600 km at an
Inclination.



GLAS

GLAS is the firstgolar orbiting satellite laser altimeter ICESat’s
Instrument. GLAS laser turned on in February 20, 2003.

It sends out pulses in Infrared and color-green. GLAS Laser operating
In the near infrared (1064 nanometers) is used for the measurement
of surface topography and ice altimetry. Backscattered light in the
green (532 nanometers) is used for measurement of aerosols and
other atmospheric characteristics.

GLAS has Level 1 and Level 2 laser altimetry products and
atmospheric lidar products.



ICESat GLAS Data Products

The 16 standard data products (GLAO1 to GLA16) are
created by the ICESat Science Investigator-led
Processing System (I-SIPS).

All products are
-time-ordered

-as collected along track
-distributed in granules (files)

Metadata (time, location, quality, etc) are provided with
each granule, so the metadata can be searched using
NSIDC tools to determine which granules to order.



ICESat Standard Data Products

« Seven Altimetry Products

— GLAO1, GLAO05-06, GLA12-15
e Six Atmosphere Products

— GLAO02, GLAO7-11
« Two Engineering Products

— GLAO03-04



Short
Name

GLAO1
GLAO2
GLAO3
GLAO4

€] WAN03)

GLAOG6
GLAOY
GLAO8

GLAO09
GLA10
GLA1l
GLA12

GLA13
GLA14
GLA15

ICESat Standard Data Products

Long Name

L1A Global Altimetry Data

L1A Global Atmosphere Data
L1A Global Engineering Data
L1A Global Laser Pointing Data

L1B Global Waveform-based Range Corrections
Data

L1B Global Elevation Data
L1B Global Backscatter Data

L2 Global Planetary Boundary Layer and Elevated
Aerosol Layer Heights

L2 Global Cloud Heights for Multi-layer Clouds
L2 Global Aerosol Vertical Structure Data
L2 Global Thin Cloud/Aerosol Optical Depths Data

L2 Global Antarctic and Greenland Ice Sheet
Altimetry Data

L2 Global Sea Ice Altimetry Data
L2 Global Land Surface Altimetry Data
L2 Global Ocean Altimetry Data

File size

9 MB
671 MB
19 MB

2 MB - 386
MB

25 MB

7 MB
827 MB
7 MB

82 MB
289 MB
13 MB
104 MB

107 MB
209 MB
279 MB

Granules
per day

56

56

56

e

|



GLAO1 L1A Global Altimetry

GLAO1 contains all altimetry information transmitted
from spacecraft, include long and short waveforms.




GLAOS5 L1B Global Waveform-Based

O—22:30 asg 1102 !

Range Corrections

GLAOS Is an intermediate
product that contains
Important information
calculated from the
waveform.

GLAOS is used for
creating GLAO6 and level-
2 elevation products.



GLAO6 L1B Global Elevation Data
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GLA12 L2 Ice Sheet Altimetry

e Data specifically
processed to provide
the best Ice Sheet
elevation

e Subset for Data
contains Antarctic and
Greenland only.




GLA13 L2 Sea Ice Altimetry

o Data specifically
processed to provide
the best Sea Ice
elevation

e« Subset for Data
contains only
possible Sea Ice
areas only.




GLA14 L2 Land Surface Altimetry

- Data specifically
processed to provide
multi-return detection
for surface elevation
and vegetation tops

- Subset for Data
contains only land
surfaces.




GLA15 Ocean Altimetry

- Data specifically
processed to provide
best Ocean surface
elevation

» Subset for Data
contains only ocean
surfaces.




RESEARCH OBJECTIVE

 This project Is to focus on the assessment of the sea ice
thickness and the mechanical processes that influence ice
thickness using the ICESat on Antarctic region.



OBJECTIVE OF THE CLASS PROJECT

The class project is a subset of the main topic.

Performed Initial research on the Use of ICESAT
products for the measurement.

Studied the analysis of ICESAT products using
IDL Visualizer Software package.

The outcome of the class project will be used to
prepare and submit proposal(s).



PROCESSING SOFTWARE FOR ICESat

IDL visualizer
The visualizer software works under an IDL license.

Read data from an ICESat/GLAS file and view
graphical summaries of variables.

GLAS VISUALIZER

Developed by the GLAS Science Computing Facility

NASA Goddard Space Flight Center



ftp://sidads.colorado.edu/pub/DATASETS/icesat/tools/idl/viewer
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IDL VISUALIZER

GLAO1&GLAO5 (2003-09-26)
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IDL VISUALIZER
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IDL VISUALIZER

GLAO1&GLAOG&GLA13&GLA14 &GLA15 (2003-09-26)
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IDL VISUALIZER
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IDL VISUALIZER
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CONCLUSIONS AND DISCUSSIONS

The Cabilities of ICESAT and GLAS were studied.
ICESAT Products are studied.

The Use of IDL ICESat data Analysis Software Is
utilized.

This class research will be extended as a Ph.D.
Research topic.



QUESTIONS?




Sea Ice Freeboard and Thickness

ad g
7 3
i I Sea Ice Thickness (T,) = function of
_ | Freeboard (F) and snowcover (T, and
3 i iy psn)
F
------------ T T =pu/py - pi) XF
- (pw - psn)/(pw - pl) X Tsn
T,=9.411 x F-6.653 x T,
D for p,, = 0.30
\ 4
WATER Pw: water
Pi: ice
Psn:snow

Freeboard is a measure of the height of
seaice above the ocean surface
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