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icepyx: ICESat-2* data tool

s A community of ICESat-2 data
users, developers, data
managers, and researchers
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icepyx Origin Story: 2019 ICESat-2 Hackweek

A hackweek is a welcoming learning environment designed to build an open and
collaborative research community while introducing participants to new software tools

Tutorials + peer to peer learning + project team-based work

W “ﬁéeScience Institute
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Success Stories

| was able to bring on a master’s student to
work with ICESat-2 data because they
wouldn’t need an entire year just to learn
how to access the data.

~ professor (cryosphere)

Over 20 publications and presentations® using
or featuring icepyx (*excludes tutorials)

Query

Unify icepyx made it possible
Explore

Spatio- for me to understand how
Iemporal ] i i t & 'tﬁ ICES: t 2

datasets. The other
information out there
was overwhelming.

~ software developer

2 template for adding
more datasets

Mapping the Diversity of Agricultural Systems in the
Cuellaje Sector, Cotacachi, Ecuador Using ATL08 for the

Spatially Continuous Mapping of Forest Canopy Height in Canada by ICESat-2 Mission and Machine Learning Techniques
Cor
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A Python Library for NASA Earthdata

Art By Allison Horst

Underlying tool development and community collaborations

pypi package |v0.5.1

# / icepyx

Documentation
and ICESat-2
Resources

icepyx
Python tools for obtaining and working with ICESat-2 data

Quick Links: Installation | Citation | Examples | Source Code | Contact

o T — Support

Welcome to icepyx Discussions!

& Announcements - JessicaS1

icepyx is both a software library and a community composed of ICESat-2 data users, developers,
and the scientific community. We are working together to develop a shared library of resources -
including existing resources, new code, tutorials, and use-cases/examples - that simplify the
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Accessing ICESat-2 Data

This notebook ({nb-download} download <IS2_data_access.ipynb> ) illustrates the use of icepyx for
programmatic ICESat-2 data query and download from the NASA National Snow and Ice Data Center Distributed
Active Archive Center (NASA NSIDC DAAC). A complimentary notebook demonstrates in greater detail the
subsetting options available when ordering data.

Import packages, including icepyx
import icepyx as ipx
import os

import shutil
smatplotlib inline

Quick-Start Guide

The entire process of getting ICESat-2 data (from query to download) can ultimately be accomplished in two
minimal lines of code:

region_a = ipx.Query(short_name, spatial_extent, date_range)
region_a.download_granules(path)

where the function inputs are described in more detail below.
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icepyx: in the community

using icepyx for GEDI

@ icepyxdgedi_proj
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Contribution Guidelines

& How to Contribute
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Every time you contribute

Steps for working with icepyx
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Setting up a Development Work
Environment
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Recognizing Contributions
icepyx Internals

QUEST Supported Datasets
icepyx Development Plan

Release Guide

Contributor Covenant Code of Conduct

D RES
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CryoCloud

showing one of the checks failed. In this case, you will need to re-commit your changes until all
pre-commit hooks pass (i.e. a failed pre-commit check results in no git commit). Pre-commit will
also run on icepyx PRs using the pre-commit CI (continuous integration). As with other
automations happening in PRs, you'll want to make sure you pull the changes back to your local
version before making new commits.

Considerations with Jupyter Notebook

If you are working in Jupyter Notebook, in addition to manually installing your working version in
your Python environment with

pip install -e.
you will need to dynamically reload icepyx within your notebook by executing

%load_ext autoreload
inport icepyx as ipx
%autoreload 2

in a notebook cell. This allows the Jupyter Notebook to detect and use changes you've made to
the underlying code.

Q@ Previous Next ©

Improved
documentation

Tutorials and
Cloud Computing

INV51D-01 On a QUEST (Query, Unify, Explore
SpatioTemporal) to Accelerate ICESat-2
Applications in Ocean Science via icepyx

* 2 &

@) Conversation 30 - Commits 140 () Checks 1 Files changed 10 +1,509 72 mmmm
:‘ Jessicas11 commented on May 22, 2023 Member Reviewers & Presentations and
© romi o publications
This PR will introduce the Argo (including BGC) retrieval
functionality to QUEST. () ketseybisson v Abstract
@) zachghiaccio v

@ -~

A Friday, 15 December 2023
@ 0830 - 08:40
Q 301-302 - South (Level 3, South, MC)

Collaboration and inclusivity will be critical for tackling modern environmental challenges resulting from

increased anthropogenic stressors. Even as we celebrate 2023 as the Year of Open Source Science, many
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icepyx in the ICESat-2 tool ecosystem: a confusing

landscape | P
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ICE, CLOUD, AND LAND ELEVATION SATELLITE-2
aB -

o

-3 Data discovery + Access
| -p> Data discovery + Access
BCOSYSTEM LIDAR with Customization
—@ Software dependency

- = Under development




Extensible communities
and tooling

earth Dataset-aware
customization
CryoCloud
Shared computational Data search/discovery and
infrastructure access/authentication

(managed cloud hub)

-& Software dependency
-> Dataset-aware Customization
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Adding a new dataset to QUEST
Que ry Step 1. Create new

branch off development Step 2. Import libraries for

. Un |fy onicepx | analysis
icepyx: feature summary (part 1) L ==

. < Code O issues 49 1 Pull reque
Spatio-
P development - P 30 Y
Step 3. Create class name for

i Documentatlon VISU8|IzatI0n Iemporal = " || the variable of interest
and ICESat-2 (QUEST) === |20
Resources e ‘

Step 4. Initialize dataset with bounding box and timeframe

icepyx rmEn

itialises an Argo Dataset object

Used to query physical Argo profiles

Python tools for obtaining and working with ICESat-2 data

Quick Links: Installation | Citation | Examples | Source Code | Contact

def init__(self, boundingbox, timeframe):
icepyx is both a software library and a community composed of ICESat-2 data users, developers,
and the scientific community. We are working together to develop a shared library of resources -
including existing resources, new code, tutorials, and use-cases/examples - that simplify the
process of querying, obtaining, analyzing, and manipulating ICESat-2 datasets to enable scientific
Installation discovery. To further enhance data discovery, we have developed the QUEST module to facilitate
Citing icepyx querying of ICESat-2 data and i y Argo ic data, with i dataset
support expected in the future.

super().__init__(boundingbox, timeframe)
assert self._spatial._ext_type == "bounding_box"

Latitude

self.profiles = None

Origin and Purpose

Step 5. Add code specific to API query for your dataset

baseURL = "https://argovis-api.colorado.edu/argo”
payload = {
“startDate”: self._temporal. start.strftime("NY-Xm-XdTH:M:XS.%f2"),

Accessing ICESat-2 Data : g } -
A ; *endDate*: self._temporal._end.strftime("XY-Xm-NdTNH:%M:XS.XfZ"),
Subsetting ICESat-2 Data \ p:d “polygon®: [self. fmt_coordinates()],
ICESat-2's Nested Variables 9 Y il ks < )
Visualizing ICESat-2 Elevations () - & Longitude 1 Step 6. Add quality control code specific to your dataset ‘
R ICESat-2 D: for Anal, O o AAA 6 T T = T ¢ 7R
L Step 7. Add functionality to format coordinates from the
ICESat-2 AWS cloud data access icepyx call to the API for data
QUEST Example: Finding Argo and (e.g., convert spatial extent into string format needed by API server)

|CESat-2 data Seting Started User Guide vt Meet o pen s cience and J Step 8. Add functionality to parse data into dataframe ‘
software requirements template for adding

Install
earthaccess

T ‘ A Python Library for NASA Earthdata
region § y(short_name, spatial_extent, date_range)

region.download_granules(path) Easy authentication and token management

Download and Cloud
data access

Minimal Code

pX




Nested variable

icepyx: feature summary (part 2) S o e

N - D read-in ANY hdf5 files)

s ea va Examples
= Fle Edt View Run Kemel Tabs Settings Help +[17]: reader = ipx.Read(path_or_s3url) B M™»NV & F 0
B ICESat-2.DAAC DataAcees x reader.vars.append(var_list=['ph_h', 'classed_pc_flag', 'latitude', 'longitude'])
B+ XO0> 8 ¢ » Cod v Pt QO ds_photons = reader.load()
(=)
Accessing ICESat-2 Data [17]:

xarray.Dataset
Data Query and Basic Download Example Notebook

bt e Peer-reviewed, Dimensions:  (gran_idx: 1, photon_idx: 25234, spot: 2)
% :,2:::;:::_3” notebook demonstrates in greater detail the subsetting options available when Cl ta b |e SoftWa re v Coordinates:
0 Credits g £ 30 gran_idx (gran_idx) float64 5.54e+04 =]
s oo S photon_idx (photon.ic) int64 0123...: =
Import packages, including icepyx L il ispot) dx) uin;i 5t6 f
i d source_file ran_idx <U ./bosque_primavera_ATLO0S... =]
tr ;::::: ;ﬁfwx o EaSIly make your delta_time ([g>hoton_idx) datetime64[ns] 2019-05-04T12:47:13.5766... B S
ety workflow v Data variables:
Quick-Start reprOdUCib|e or sc_orient (gran_idx) int8 0 =]
Tousg ot e i fpops e iSasigie transition to the cycle_number  (gran_idx) intg 3 s
region_a = ipx.Query(short_name, spatial_extent, date_range) rgt (gran_idx, spot, photon_idx) float32 554.0 554.0 554.0 ... nan na... [ &
region_a.earthdata_login(earthdata_uid, email) CIOUd atlas_sdp_gps_... (gran_idx) datetime64[ns] 2018-01-01T00:00:18 ]
region_a.download_granules (path) data_start_utc (gran_idx) datetime64[ns] 2019-05-04T12:46:31.8763... =
1@ 4 ® Python3|idie data_end_utc (gran_idx) datetime64[ns] 2019-05 12:48:54.2 =
- U nder_t he_hood latitude (spot, gran_idx, photon_idx) float32 20.59 20.59 20.59 ... nanna.. @ &
o longitude (spot, gran_idx, photon_idx) float32 -103.7 -103.7 -103.7 ... nan S
transmon tO Harmony S rt R gt (gran_idx, spot) <U4 'gt3l' 'gt3r' =]
services uppO ph_h (spot, gran_idx, photon_idx) float32 nannannan ... 0.05103 0.05.. @ &
classed_pc_flag (spot, gran_idx, photon_idx) float32 nannannannan..10101.. @S
sotbr Lottty = Love = Fter-onen - ([RRRY v Indexes:
o ¢ gran_idx Pandasindex =]
IN::_MM g2 g photon_idx Pandasindex —
5 pmecmers spot Pandasindex =
Gorers b1 ey crossog aimrician e o
: o v Attributes:
Community om adl L e o data_product:  ATLOS
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xarray.Dataset

Subsetting of Optimized

icepyx: ongoing cloud data Cloud data [T e

read-ln gran_idx (gran_idx) uint64 19705 19713 73801 ... 118012
spot (spot) uinté4 12 6

Future photon_idx (photon_idx) int64 4. 1747517476 17477 1...
25} source_file (gran_idx) object ' jownload/processed_ATL
? delta_time (photon_idx) datetime64[ns] 2020-12-07T23:14:42.1079928.

) P
H—% ECOSYSTEM LIDAR Y Datavariables:
' ! sc_orient (gran_idx) floaté4 1.0 0.01.00.0...0.01.01.00.0

6

(@ @ (@

(0 (0 (0 (0 (® (@ (@ (@ (@

ICE, CLOUD, AND LAND ELEVATION SATELLITE-2 cycle_number (gran_idx) floaté4 5.0 13.01.03.0... 11.0 12.0 14.0
rgt (gran_idx) floaté4 197.0 197.0 ... 1.18e+03 1.1
Stream || ned atlas_sdp_gps_... (gran_idx) datetime64[ns] 2018-01-01T00:00:18
data_start_utc (gran_idx) datetime64[ns] 2019-10-09T19:31:32.837255
access tO data_end_utc (gran_idx) datetime64[ns] 2019-10-09T19:32:23.365738 ...
h_li (spot, gran_idx, photon_idx) float32 nan nan na @
multl ple latitude (spot, gran_idx, photon_idx) floaté4 nan nan nan nan...nannanna... [
longitude (spot, gran_idx, photon_idx) floaté4 nan nan nan nan ... nan nan na ®
datasets via gt (gran_idx, spot) object nan nan nan ... ‘gtl" gtir
earthaccess S, e
data_product : ATLO6
Description : The land_ice_height group contains the primary set of derived ATLO6 products. This in
cludes ion, height, and error and quality measures for each segmen
t. This group is sparse, ing that are provided only for pairs of segme
nts for which at least one beam has a valid surface-height measurement.
H an dl in g Of —>» Data discovery + Access data_rate : Data within this group are sparse. Data values are provided only for those ICESat-2 2

> Dataset-aware Customization 0m segments where at least one beam has a valid land ice height measurement.

QuickLook data —e Software dependency

products - -

birdaro

Sustainability and Bl oUR contributions!!

governance
[
||

More built-in data processing
(e.g. strong/weak beams, analysis)
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Why should you use icepyx?

\/
0‘0

save time and effort

easy to install and use
reproducible

always get the latest data
easily transition to the cloud
works on the cloud and locally
“knows” about ICESat-2 data

be part of an expert community



https://twitter.com/allison_horst

How do | get involved?

¢ Ask questions/post a
discussion

«»» contribute — it doesn’t have to
be codel!

o Report bugs

o Improve documentation
o Request features

o Share your example

¢ Attend an upcoming coworking
session

¢ cite your data and software

GitHub:

Documentation:

[0 © Loading data groups ipx.Read.load can fail on certain files in edge cases

#576 opened 3 weeks ago by jrenrut

[J O Delegate full granule query to earthaccess, keep smart subsetting logic in icepyx

Discussion - feedback solicited longer_contribution

#575 opened 3 weeks ago by weijil4 €2 v2: use Harmon...

[J © Document project governance
#574 opened 3 weeks ago by mfishers?

[0 © Establish python version support/drop policy (SPECO) in v2
#569 opened 3 weeks ago by mfisher87 C v2: use Harmon..

[0 © Refactor setter for performance and readability
#5653 opened last month by mfisher87

[0 © Move requirementsx.txt files into pyproject.toml
#562 opened last month by mfisher87

[0 © Add deprecation warning to icepyx v1
#545 opened on Aug 8 by mfisher87 > v2: use Harmon.

[J © [harmony] components of ipx.query likely impacted by transition from EGI
#534 opened on Jul 3 by Jessicas11 [F] 5 tasks G v2: use Harmon...

[J O [harmony] [docs] variables and subsetting
#533 opened on Jul 3 by Jessicas11 [}, 6 tasks P v2: use Harmon
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https://github.com/icesat2py/icepyx
https://github.com/icesat2py/icepyx
https://github.com/icesat2py/icepyx
https://icepyx.readthedocs.io/
https://icepyx.readthedocs.io/

Latitude

Demo: use icepyx to access and plot ATL13

spatial_extent = [-114.6, 36.06, -114.36, 36.2]
dates = ['2019-07-01', '2025-07-30']
date: 2019-07-20

track = ['341']

mead = ipx.Query('ATL13', spatial_extent, dates, tracks:

36.2 | v
‘Q
36.18
360 @El
36.16 O
350
36.14
date
2019-07-20
36.12 340
36.1
330
36.08 + E
{ g
o] § . https://qithub.com/icesat2py/ice
>3 Q pvx/blob/hydrology/doc/source/

—114.6 -114.55 -1145 T -114.45 -114.4 -114.35 examDle_nOtebOOkS/ISZ_atl 1 3_
Longitude hydrology.ipynb



https://github.com/icesat2py/icepyx/blob/hydrology/doc/source/example_notebooks/IS2_atl13_hydrology.ipynb
https://github.com/icesat2py/icepyx/blob/hydrology/doc/source/example_notebooks/IS2_atl13_hydrology.ipynb
https://github.com/icesat2py/icepyx/blob/hydrology/doc/source/example_notebooks/IS2_atl13_hydrology.ipynb
https://github.com/icesat2py/icepyx/blob/hydrology/doc/source/example_notebooks/IS2_atl13_hydrology.ipynb
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