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OPEN SCIENCE

• Sharing Data, Methods & Code

• Ensure accessibility to people that does not have it
• Limited resources or 
• Limited expertise (not in the same field)

• Advancement & innovation by bringing diversity of ideas
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MAKE SATELLITE DATA & CLOUD COMPUTING 
MORE ACCESSIBLE TO NON-EXPERTS

One time series at a time 

4

Data and computing is migrating to the cloud



ROADMAP

• Scientific Motivation 

• The tutorial itself

• Lessons learned
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Gentemman et al. 2017
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the 10 most intense events since 1981. !e most intense lasted 199 days (August 2014 to late February 2015), had 
a cumulative intensity of 518.3 °C days, and a maximum intensity of 4.4 °C above the climatological mean. !e 
duration and intensity of this heatwave surpassed those that occurred at this location even during strong El Niño 
events in the past (e.g., 1997–1998, Table S2). At Point Arena, four shorter heatwaves during 2014–2016 ranked 
among the 10 most intense events since 1981 (Table S3). !e most intense occurred during October–December 
2014 (74 days), and had a cumulative intensity of 231.8 °C days, and a maximum intensity of 3.9 °C.

Anomalous poleward surface currents were common along the coast from Point Sur to Point Reyes during 
July–November 2014 (Fig. 3). Several shorter periods of anomalous northward #ow were also recorded at Año 
Nuevo and Point Reyes in late 2015/early 2016, during the El Niño event. Although warming dissipated by mid-
2016, several short periods of anomalous poleward currents were observed in late 2016 and early 2017.

During 1991–2017, oceanographic conditions in northern California varied substantially among years, as 
re#ected by the Multivariate Ocean Climate Indicator (MOCI; Fig. S68). !e period of 2014–2016 was character-
ized by many (non-continuous) seasons with warm conditions, comparable only to El Niño periods in magnitude 
(e.g., the 1982–1983 and 1997–1998 events), although more persistent than during prior El Niño events. Warm 
conditions were broken by quasi-normal upwelling season conditions in northern California during 2014–2016.

���������������������������������������������������Ǥ� During 2014–2017, we recorded poleward 
range extensions into northern California and higher latitudes for 37 species with primarily southern distribu-
tions (Table 1; see also Supplementary Information). !ese species spanned a diversity of taxa including molluscs 
(n = 18), crustaceans (6), cnidarians (4), echinoderms (3), ctenophores (1), tunicates (1), $sh (1), seabirds (1), 
marine mammals (1), and red algae (1). In contrast, during this period we observed an equatorward range expan-
sion into our study region of only one northern species (a poorly studied sea cucumber, Pentamera pediparva). 
Of these 37 species, nine belonged to the pelagic community (including gastropods, siphonophores, a jelly$sh, 
a ctenophore, a salp, and pelagic red crabs). Twenty-one were benthic animals with planktonic, feeding larvae. 
An additional $ve benthic species had life histories associated with limited dispersal including direct developers, 
crawling larvae (i.e., the nudibranch Phidiana hiltoni45), or macroalgal spores. !e distance of the range exten-
sions varied signi$cantly among these three groups of taxa (Table 1; ANOVA, F2,32 = 17.28, p < 0.0001). Range 
extensions for pelagic species (mean distance ± SE = 690.0 ± 154.3 km) were 2.6x greater than those of benthic 
species with planktonic larvae (265.7 ± 33.3 km; Tukey HSD, p = 0.044), and were 9.6x greater than those of 
benthic species with limited dispersal potential (72.2 ± 48.1 km; Tukey HSD, p < 0.0001). Range extensions for 
benthic species with planktonic larvae were 3.7x greater than those of benthic species with limited dispersal 
(Tukey HSD, p = 0.0002).

�����������������������������Ǥ� In addition to records of new northern geographic range limits, we 
observed a large in#ux of 21 primarily southern species that are rare in northern California (Table 2). Historical 

Figure 2. Sea surface temperature (SST) for January 2014 to March 2017 from NOAA/NDBC buoys at Point 
Arena (upper panel), and Bodega Bay (lower panel). Black line indicates daily SST, blue line indicates the 
climatology based on the 1981–2011 period, green line indicates the 90th percentile threshold that de$nes 
marine heatwaves, and shaded areas indicate events identi$ed as heatwaves1. Red shading indicates events that 
rank among the 10 most intense marine heatwaves based on cumulative intensity of events during 1981–2017.

Sanford et al. 2019

Many web-based user-friendly interfaces to 

acquire & plot images & short time series

of satellite & satellite-based data.
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Salomonson, 2015

Satellites around for 
>4 decades now

Great for 
Climate Studies!
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CLIMATE RESEARCH

https://www.hillaryscannell.com/research/
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ECOSYSTEMS RESEARCH
(OR ANY OTHER FIELD)
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ECOSYSTEMS RESEARCH
(OR ANY OTHER FIELD)

I’m an 
anchovy

- Analysis where little/short in situ physical 
data is available

- Investigate local/regional mechanisms
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But knowing where to start & discern the large (& changing) 
information available online can be intimidating & 
discouraging

This tutorial aims to provide an overview of what is possible, bypassing many of 
the background struggles we all had to surmount:

• Installing and updating python
• Having the correct libraries
• Learning the basic to arrive to the cool stuff
• Locating the data
• Learning how to get the data
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Scientists

• with limited expertise: satellite data & computing

• with limited resources: storage, computing power & fast internet

• need an update on tools and/or skills

BUILD CAPACITY IN USE OF SATELLITE DATA & 
CLOUD RESOURCES FOR CLIMATE  STUDIES
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ROADMAP

•Motivation 

• The tutorial

• Lessons learned
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tutorials available @

where to run it

binder
satellite data @

local
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INTRODUCTORY CHAPTERS

• Chapter 1 – What’s Python 
• Chapter 2 – Jupyter Notebooks
• Chapter 3 – Basics of Python: Data structures
• Chapter 4a – xarray
• Chapter 4b – matplotlib 
• Chapter 5 – Satellite data in the cloud xarray
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EXAMPLE CHAPTERS

• Chapter 6 – Ocean: SST
• Chapter 7 – Atmosphere: winds
• Chapter 8 – Land: Vegetation Index

• Plot data, basic time series analysis

Acquisition:
- Cloud
- Online

SST Data:
- Satellite
- Satellite-based
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github.com/marisolgr/python_sat_tutorials

Tutorial for Acquisition & Analysis 
of Time Series of Satellite Earth Data

in Python on the Cloud
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ROADMAP

•Motivation 

• The tutorial

• Lessons learned

21 DOE ECP HPC Webinar \ 11 May 2022



PERSONAL PERSPECTIVE

• I am not an expert on technology or coding 

• I am a user 
• one step removed from the end user who has limited coding 

expertise
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LESSONS LEARNED

• Lessons learned:

• Making the tutorials

• Teaching the tutorials
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TEACHING THE TUTORIAL

• Time series earth data acquisition is a challenge on its own
• Gridded data formats vs. Time-step ‘image’ files

• Generalizations are not simple because of diverse data types, but 
problems are similar

• Some coding expertise is necessary

• People that tried (and failed many times) to access similar data, find it 
most useful
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MAKING THE TUTORIALS

•Challenges:

• Data

• Software

• Bringing it all together
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CHALLENGES WITH DATA

• Formats 

• Storage

• Availability
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CHALLENGES WITH SOFTWARE

• New coding language, tools, libraries
• Updates and versions
• Availability and stability of tools 
• Access/functions differ for each data/format

• Coding expertise
• New tools/methods can be difficult to grasp quickly
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BRINGING IT ALL TOGETHER

• Tools
• Guidance for which one to use
• Versions
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BRINGING IT ALL TOGETHER

• Tools
• Guidance for which one to use
• Versions

• Coding expertise
• Troubleshooting work flow problems
• Steep & long learning curve
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ONE EXAMPLE
• Started with mybinder. Worked great! 

• Few updates in the libraries were challenging when 
building in mybinder, and resulted in no access to 
data

• Since I couldn’t fix access to AWS data, I switched to 
pangeo binder (another platform)

• A change in the Pangeo server configurations and 
images led to loose access to AWS data (libraries 
problems that the user – me - couldn’t fix)

• Tried mybinder again, and worked!
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I had to get help from an expert!
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THE GOOD PARTS

• Accessing the data for free, from a free online binder, was not possible when 
I started. Now you can access it from anywhere. 

• New clever and promising ways to store and access data are emerging 

• Things are changing, and fast, but seems like in a good direction

• Many fields have similar challenges, opportunities for collaborative work 
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WISH LIST

ü Standard data formats that facilitate access & 
preprocessing in any axes 
ü zarr or similar chunking/mapping techniques

ü Maturity and stability of data & software
ü new and upgraded versions at a fast pace is not conducive 

to broader use

ü More time to get there & to learn cloud computing
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TAKE AWAY MESSAGES: 

• Broad use of cloud data & resources - we are close but not there yet

• Access of data is not just availability of data – accessibility is important

• The computing expertise needed to access & acquire cloud data is very 
very underestimated
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