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Abstract: Over the past century, major advances in astronomy and astrophysics have been largely
driven by improvements in instrumentation and data collection. With the amassing of high quality
data from new telescopes, and especially with the advent of deep and large astronomical surveys,
it is becoming clear that future advances will also rely heavily on how those data are analyzed and
interpreted. New methodologies derived from advances in statistics, computer science, and
machine learning are beginning to be employed in sophisticated investigations that are not only
bringing forth new discoveries, but are placing them on a solid footing. Progress in wide-field sky
surveys, interferometric imaging, precision cosmology, exoplanet detection and characterization,
and many subfields of stellar, Galactic and extragalactic astronomy, has resulted in complex data
analysis challenges that must be solved to perform scientific inference. Research in astrostatistics
and astroinformatics will be necessary to develop the state-of-the-art methodology needed in
astronomy. Overcoming these challenges requires dedicated, interdisciplinary research. We
recommend: (1) increasing funding for interdisciplinary projects in astrostatistics and
astroinformatics; (2) dedicating space and time at conferences for interdisciplinary research and
promotion; (3) developing sustainable funding for long-term astrostatisics appointments; and (4)
funding infrastructure development for data archives and archive support, state-of-the-art
algorithms, and efficient computing.
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1. What is the role of astrostatistics and astroinformatics research?

→ To develop modern methods for extracting scientific information from astronomical data.

Astrostatistics forms the foundation for robust algorithms and principled methods that are applied
to a variety of problems in astronomy. Astroinformatics involves the systematic and disciplined
development of code, data management and dissemination techniques, high-performance
computing, and machine learning based inference. Both astrostatistics and astroinformatics (i.e.,
astro data science) have been rapidly emerging fields of research rigorously pursued at the
intersection of observational astronomy, statistics, algorithm development, and data science
[14, 93, 49, 40, 136]. The number of articles with keyword ‘Methods: Statistical’ increased by a
factor of 2.5 in the past decade; those with ‘machine learning’ increased by 4 times over five
years; and those with ‘deep learning’ have more than tripled every year since 2015. Thus, the
challenges of astronomical sciences reveal a deep and broad demand for advanced methodology
and techniques. Astronomical problems impossible to approach with traditional methods are now
forefront research efforts because of advancements in astrostatistics and astroinformatics.

In the next decade, astronomy data will present new challenges, and will make astrostatistics and
astroinformatics research a necessity for nontrivial scientific inference in an increasing range of
critical research areas. Astronomy ‘big data’ described by the four V’s — volume, velocity,
variety, and veracity — demand new methodologies. It is vitally important that the quality and
sophistication of the techniques match the quality and sophistication of the data. The specific
application of any new method requires research involving data, statistics, algorithm development
and computations, and, thus, the combined knowledge and experience of astronomers,
statisticians, and computational experts. Cross-disciplinary collaboration and communication at a
very high level are critical to such research; conceptual and jargon barriers between disciplines
must be overcome.

Several white papers on astrostatistics and astroinformatics research, endorsed by dozens of
leaders in the fields, were submitted to the Astro2010 Decadal Survey [92, 12, 13, 50]. Since
then, some recommendations have been implemented, such as the formation of the Working
Group on Astroinformatics & Astrostatistics within the American Astronomical Society, and the
Astrostatistics Interest Group within the American Statistical Association. What remains
underdeveloped, however, is the formal recognition of and financial commitment to the efforts
needed to make necessary progress in astrostatistics and astroinformatics.

Astrostatistics and astroinformatics research impacts all areas of astronomy and needs to be
recognized as a science area within astronomy. Our recommendation is to: (1) create supportive
environments for long-term research in astrostatistics and astroinformatics; (2) promote research
in this field with specific national level programs, fellowships, professional development, and
consulting; and (3) provide sustained funding for long-term research programs.

2. How do modern astrostatistics and astroinformatics methods impact astronomy?

→ They overcome challenges with data and improve scientific inference.

Astrostatistics and astroinformatics research does not fit traditional thematic boundaries, as it
includes both technological development and scientific research in statistical and information
sciences. However, these disciplines are now a necessity for modern astronomical research.
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Tables 1 and 2 highlight recent advances and expected challenges, and indicate the impact of
emerging methods in thematic areas of astronomy.

3. How can the state-of-the-art methods be best applied in astronomy?

→ Through astronomy involvement in active methodology research

Existing statistical and machine learning methods need to be further developed to be applicable in
astronomy. For example, adaptation of recent machine learning advancements to address building
explanatory models rather than task-specific predictive models requires astronomy involvement in
two active research areas of machine learning:

Scalable probabilistic machine learning (including deep learning): Most ML algorithms seek to
make one set of predictions or point estimates, optimal to one specific end task. In astronomy,
methods need to quantify uncertainty and provide results (e.g., probabilistic catalogs) that enable
uncertainty propagation. Probabilistic methods are well suited to this, but are computationally
expensive and not easily scalable to large datasets. Scalable approaches using ML are being
investigated. Collaboration with statisticians and computer scientists is needed to develop such
methods tailored to astronomers’ needs. Astronomy needs to become a driver of this research.

Interpretable machine learning (especially deep learning): Complex machine learning methods
are coming to astronomy (e.g., deep learning methods involving convolutional and adversarial
nets for analyzing image data [122, 54, 112, 107], and recurrent neural nets for time series data
[102]). Unfortunately, such methods often are used as ‘black box’ predictors, while generalizable
understanding of a phenomenon requires an interpretable model. The emerging field of
interpretable machine learning involves explanatory goals, not just predictive goals. Astronomy
needs to actively participate in this research.

4. Recommendations

The compilations in Tables 1 and 2 highlight two important facts: (1) common methodology is
repeatedly used with small alterations across different wave-bands to address diverse problems
that span many thematic areas; and (2) duplicated development efforts slow the pace of advance.
To facilitate the faster development and dissemination of advanced methods we recommend:

Funding: Astrostatistics and astroinformatics must be recognized as a subfield of astronomical
research that affects all of its thematic areas. Proposals in this field must be evaluated by
appropriately cross-disciplinary panels.

Communication: Astronomy conferences must make room for methodological discussion, both
to disseminate new advances and to raise the awareness for non-experts. Funding for tutorials and
other means of communication should be encouraged.

Sustainability: There must be sustained funding through grants and fellowships, to support
graduate students and post-docs for several years. Astronomy departments should be encouraged
to have more tenure-track positions focused on data science research.

Infrastructure: There must be support for both maintaining data archives and training data sets,
for publicly available and supported software, and efficient computing.
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n
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].

U
se

of
sp

ec
tr

al
,s
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];
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”
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];
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e
tr
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[48] Farrens, S., Ngolè Mboula, F. M., & Starck, J.-L. 2017, A&A, 601, A66

[49] Feigelson, E. D., & Babu, G. J. 2013, Planets, Stars and Stellar Systems. Volume 2:
Astronomical Techniques, Software and Data, 445

[50] Ferguson, H., Alexrod, T., Greenfield, P., et al. (39 authors) 2009, Astronomical Data
Reduction and Analysis for the Next Decade, astro2010: The Astronomy and Astrophysics
Decadal Survey, 2010,
http://www8.nationalacademies.org/astro2010/DetailFileDisplay.aspx?id=426

[51] Foreman-Mackey, D., Hogg, D. W., & Morton, T. D. 2014, ApJ , 795, 64

[52] Foreman-Mackey, D., Agol, E., Ambikasaran, S., & Angus, R. 2017, AJ , 154, 220

[53] Foreman-Mackey, D. 2018, Research Notes of the American Astronomical Society, 2, 31

[54] Fussell, L., & Moews, B. 2018, arXiv:1811.03081
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