DATA STEWARDSHIP

What can APIs do for you?

Wendy Gross', C. Morrill', E. Gille'? and E. Shepherd'?

As the spatial and temporal resolution of
scientific datasets and the culture of data
sharing grow, more data on past global
changes are now available than ever before.
Efficiently discovering, downloading, and
integrating data into analyses is critical for
making full use of this surge of informa-
tion. Researchers have long used Graphical
User Interfaces', or GUIs, to manually

search and download data, but Application
Programming Interfaces, or APIs, can handle
these tasks in a more automated fashion. In
fact, APls are the behind-the-scenes conduit
for many different types of information we
use every day, from weather forecasts within
smartphone apps to flight schedules aggre-
gated on travel websites.

APls are the technological backbone that
let two computer programs communicate
over the internet. Each APl defines a set of
rules that specify the parameters by which
requests (or "calls") can be made, as well

as the format of the computer-readable
information that is provided in response.
World Data System repositories such as the
World Data Service for Paleoclimatology
(WDS-Paleo)?, PANGAEAZ, and Neotoma*
provide APls, as do other data and infor-
mation sources such as publishers (e.g.
Springer, Wiley), publication databases
(e.g. CrossRef, Web of Science), domain-
specific databases (e.g. Global Biodiversity
Information Facility), and analysis tools (e.g.
ArcGIS).

Arequest to an APl is usually written in the
form of a specially-formatted web ad-
dress, or Uniform Resource Locator (URL).
Scientists can call an APl by simply enter-
ing such a URL into their web browser or by
incorporating calls to an APl in data analysis
code. These new capabilities open more au-
tomated ways of first finding and accessing
information, and then integrating informa-
tion, both from different sources, and with
different analysis tools.
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The ability to discover and download infor-
mation programmatically via an API, as op-
posed to manually through a GUI, increases
efficiency and diminishes the possibility

for human error. For example, APls make it
easier to repeat a search (perhaps to find
newly archived datasets or updates to exist-
ing datasets) or to gather information quickly
for initial data exploration (perhaps to iden-
tify certain geographical areas or parameter
types with sufficient amounts of data for an
analysis). APls can also make it more efficient
to search multiple data providers. While
requests must be structured to match the
requirements of a specific API, they can be a
useful way to locate data across several re-
positories. In fact, the federated data search
provided by the WDS-Paleo APl uses the
Neotoma API to retrieve information about
datasets.

APl requests can be integrated with many
programming languages (e.g. Python, R,
MatLab), effectively creating a pipeline of
data to tools for analysis. For example, func-
tionality to access data from the PANGAEA,
and Neotoma data repositories via their APls
exists in some Python® and R¢’ packages
(e.g. Goring et al. 2015) and the WDS-Paleo
also provides example APl requests in these
languages®. Incorporating APl requests into
a scientific workflow promotes reproducibil-
ity and repeatability of research. Encoding
all steps of the workflow from data discovery
and download to processing and analysis
provides complete documentation of the
research methods, including the criteria
used to select datasets. Some APIs also
perform analysis directly: for example in

the geospatial ecosystem, ArcGIS APIs? and
Open Geospatial Consortium APIs'® perform
geospatial analysis, including image analysis
and feature classification.

While APIs provide the ability to access for-
matted information directly from computer
systems of authoritative sources, thereby
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streamlining data access and analysis,
there are still some obstacles to integrating
data from different repositories or sources
seamlessly (e.g. EarthLife Consortium API'';
Uhen et al. 2021). For example, interoper-
ability and reusability of paleoenvironmen-
tal data also require enhanced common
standards and workflows for metadata and
data reporting (Bothe et al. 2021; Khider et
al. 2019; Morrill et al. 2021; Williams et al.
2018). These improvements, in concert with
technological advances such as APls, will
accelerate discovery from the many decades
of data collection by the paleo community.
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Figure 1: Example workflow for programmatically using a World Data Service (WDS; e.g. WDS-Paleo, PANGAEA, Neotoma) API. Starting with user-developed code (yellow
box), information from a data provider is discovered and accessed via the API, and then incorporated into a scientific analysis. See the WDS-Paleo AP Tutorial® for sample

code in R and Python.
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