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Abstract

As Earth System Science (ESS) becomes more data-intensive, collaborative, and interdisciplinary, it is important to understand
how best to support and advance data reuse. We conducted an online survey of active ESS researchers from 126 U.S. universities
and research centers, representing a wide variety of scientific fields. Of the 207 respondents, 51.7% had more than 20 years of
research experience. Results indicated that the current primary purposes for reusing data are to conduct new analysis (87%),
followed by comparing results (70.4%), with only 18.5% reusing data to reproduce published studies. As expected, data hosted
by federally funded data centers were reused most frequently, with open government data and data provided directly from
other researchers also widely used. Reuse of data from other types of repositories lags far behind, due in part to a range of
service limitations. At the same time, data sharing by respondents is strong—96.6% actively release their data, primarily as
supplements to published papers, with moderate use of open access repositories. Of the 45.9% who had attempted to reproduce
research, 73.7% failed at least once, often due to the limited detail provided in published papers. Still, 92.3% believe it is
the researcher’s responsibility to ensure their work is reproducible. The majority favored traditional modes of documenting
research—word processors, text editors, and code commenting over electronic notebooks or workflow systems. Interestingly,
59.9% continue to use hand-written notebooks. Challenges to data reuse and reproducibility specific to ESS included the
complex nature of earth systems, increasingly complicated models, lack of data management resources, and limited emphasis on
reproducibility in the field. Open-ended responses raised questions about whether “exact replication” is necessary or possible
for ESS. Most researchers agreed that data and code should be considered important research products and that outlets are
needed for publishing negative results. Taken together, the results suggest a strong data sharing culture in ESS with high
levels of reuse and commitment to open science. The research community would benefit greatly from better documentation and

sharing of methods and research processes, as well as targeted improvements in data services and tools.



Data Reuse and Reproducibility in Earth System Science:
A Survey of Current Practices, Barriers, and Expectations ©

Information School
UNIVERSITY of WASHINGTON

An Yan, Caihong Huang, Carole L. Palmer
yananl5@uw.edu, huangc34@uw.edu, clpalmer@uw.edu I-!DataLab

at the University of Washington

Information School, University of Washington, Seattle, WA, 98195, USA

1. Intfroduction 3. Survey Administration and Response 4. Results: Practices and Perspectives

As Earth System Science (ESS) becomes 2416 ESS researchers were identified based on informafion B. Research Reproducnbllliy D. EXpECfCIi'IOhS
Y ) ) ) from U.S. institutional websites. Invitations to parficipate in the ~ L ver ' hd th the followine stat ts? (N = 207
more data-intensive, collaborative, and - e i - . 70% - How much do you agree with the following statements? (N =207)
: e ' ' online survey were distributed through email in two waves, in .y 60% ;
InTerdISC|planry, data reuse. and . . spring and summer of 2018. Of 225 Comple’red SUIrveys, sacceei(r;?iys igzﬁ’ Statement Strongly | Agree | Not | Disagree |Strongly| Mean
reproducible research are increasing in analysis was conducted on data from 207 respondents from | 30% ‘ e b disagree
Importance. This survey study examined 126 universities and research centers identified themselves 20% Code and data should be
. . . . . 10% considered important 41.1% |50.2% | 6.3% 2.4% 0% 4.3
the perspectives and practices of ESS as ESS researchers. The 9.3% response rate is consistent with 0% research products.
researchers on data reuse and comparable online surveys conducted by Tenopir (2011) [ obtained Ihad problems  Other " |1t should be easier for
iNili i and ASCB (20195) different carrying out i hers to publish 28.0% [50.7% | 17.9% | 2.4% 1.0% | 4.02
reproducibility to inform how to advance - results the study - W% | S03% | L5% | 24% 0% | 4
fut daft " in the field If you have tried to reproduce a . | megative Tesulis.
uture aarta services in tne fieidq. 50% 10 study, how successful have you What was the nature of the failure(s)? Researchers in ESS should
15 ' ) (N =170) -
40% been? (N = 95) have training on 15.0% |53.1% | 21.3% 9.2% 1.4% 3.71
years o
The findings indicate a strong data 30% 4% | reproducibility.
sharing culture in ESS with high levels of 20% More * The top reproducibility problem: f;obrlciillllecriiisllilt(;uellcsl;z:isf 15.5% |473% | 21.3% | 145% | 14% | 3.61
reuse and commitment to open science. 10% 114, than 20 not enough detall in the published paper on how  E————
Data reuse and reproducibility of % s s e s om s P study was conducted - 83.2% Funding agencies should
. 232 2 23 s = . |1includ ducibilit 12.6% | 37.7% | 29.0% 18.4% 2.4% 3.4
research would benefit most from befter 553838 °% 25 s 2 “Methods in journals are inadequate. There are often missing or | - uie;i‘piof ?ICIinllyasa
) . L v & L g O = & 9 . |criterion for funding.
documentation and ShCII’Ing of methods E ig E E ¥ 2 S A unclear details. Reviewers often focus on the overall method and not the There are adequate
and research processes, and targeted 2 g g 2 details so they get ignored, left out, or errors are not caught before ' | expectations for 20% 1372% | 32.9% | 25.1% 19% | 3.14
: tsin dat : d tool 2z 2 -z publications. Also, many of the important details are exiled to the . |reproducibility in ESS.
Mprovements in aata services dna 1oo1s. o g% i supplemental material which receive little if any peer review.” Researchers should ensure
Profile of dent ” b ¢ : the field . | reproducibility of their 48.3 % |44.0% | 5.8% 1.4% 0.5% 4.38
rofile of respondents: position; number of years in the fie '~ |studies.

« 96.6% of respondents document their research, using

. Researchers need assistance
o . . « Word processors or fext editors - 83% | with reproducible research. | 15.9% |40.1% | 28.5% | 13.0% | 2.4% | 3.54
2. Survey Design 4. Results: Sharing and Reuse Practices - Handwritten notebooks or journals - 59.9% Retsearfhers EP
« Code comments - 52.2%

on scientific discovery and 53% [21.3% | 17.9% 43.5% 12.1% 2.64

24 questions in 6 sections A. Data Reuse . 2;2?335&3?5?:2555““’“
C. Data Services :

Demographics « 96.6% share data; 99% reuse data generated by others. ;
« Academic rank, work location What kinds of support would you take advantage of, if E Chq"enges
* Research areas How often do you access data produced by others from the following provided by information professionals at your institution? =
types of sources? (N = 205 207) i :
Data Reuse | | P ( ) Technical support for tools I ~ Responses to open-ended questions suggest:
» Experiences reusing and sharing data ;
- A4 : _
« Purposes for reusing data Federal funded data centers - Consulting on data management and ; . .
Supplements to published papers IR ] sharing e Lack of a standard for reproducible research in ESS.
Reprodpcing Published Work | Researcher websites I E— Help with ditli gﬁf;cessmg O ~ « Reuse is more achievable goal than reproducibility, since
. Experleﬂces reproducmg ofher’s studies Government open data platforms IS I Help with documenting research R « complexity of many ESS endeavors makes it difficult to
(barriers, reasons for failures, etc.) Open access repositories I — processes reproduce methods,
Making Your Research Reproducible University or institutional repository I — Help with code cleaning I —— . r?pépdumbﬂ’ry |sfpc|>(’; c:pphc.obleT’rO certain types of
- : - . . i studies, such as field experiments.
. PI’CICTICGS. making I'eSGCII'Ch r.gproduable. Open data from commercial companies B8 ] I do not need such services TS . p
« Perspectives on reproducibillity Data journals ] . » Large scale of data is growing challenge for
Other 1 a ibili

Possible Remedies 0%, 0% 0% 60v%  80%  100% er ; reproducibility and reuse.

- Reward structure and ® Always W Often Sometimes rarely ~ ®never 0% 10% 20% 30% 40% 50% 60% ' o Currentlevels of documentation and descriptions of

« Data service improvement . research methods in published papers are insufficient.

* Main purposes for reusing data: “We need staff specifically dedicated to documenting, cleaning, ! . : .

Challenges in Earth System Science 87% conduct new analysis, 70.4% compare results, only organizing code to facilitate reproducibility elsewhere. When it's time for = So.mef?o’ro ser\gces require greater technical and

* Issues unique fo ESS 18.5% reproduce published studies. us to do this, we already have another project we have to work on.” >clentific expertise.
References: , o . Reuse purposes (N = 207)
[1] Tenopir, Carol, et al. "Data sharing by scientists: Practices and . . . . .
oerceptions.” PLOS ONE 6.6 (2011). 100% Conclusion and contributions: Data reuse and sharing are prevalent among ESS researchers, and they are
[2] American Society for Cell Biology (ASCB). "How can scientists 80% vital for generating new and comparative analyses, but also for gathering background information,
enhance rigor in conducting basic research and reporting 60% . . . Cl ered e e . .
research results2 A white paper from the American Society for 0 festing new methods, and creating composite datasets. Reproducibility is limited by the complexity of ESS
Cell Biology." (2015). ;‘gi I I I research and the nature of field work, but data reuse and research reproducibility would both benefit
ok DTS om sl o The Se-bosed Data Coration 00, T greo’.rly.from Improved practices or)d expectations for documenting do’rq and .me’rhods,. as well as
project (https://datalab.ischool.uw.edu/projects/site-based- New Compare Background Testnew  Create  Reproduce specialized support, tools, and services for data management and curation. This work laid the
fg*&ﬁ%ﬁgg)i ;unded Oy IMLS National Leadership Grant analysis  results information methods  composite published groundwork for a more comprehensive and detailed study of how best to advance data services for ESS.

il e datasets studies




