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Abstract.

Despite great progress in data sharing that has been made in China in recent decades, cul-

tural, policy, and technological challenges have prevented Chinese researchers from maximizing the
availability of their data to the global change science community. To achieve full and open exchange
and sharing of scientific data, Chinese research funding agencies need to recognize that preserva-
tion of, and access to, digital data are central to their mission, and must support these tasks accord-
ingly. The Chinese government also needs to develop better mechanisms, incentives, and rewards,
while scientists need to change their behavior and culture to recognize the need to maximize the
usefulness of their data to society as well as to other researchers. The Chinese research communi-
ty and individual researchers should think globally and act personally to promote a paradigm of
open, free, and timely data sharing, and to increase the effectiveness of knowledge development.
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Introduction

Global change science, a synthetic discipline that embraces
all aspects of our planet’s tightly related subsystems, has
become rich in data due to the rapid development of
global research networks such as FLUXNET (AGNMTS;
http://daac.ornl.gov/FLUXNET/fluxnet.shtml), the Global
Biodiversity Information Facility (GBIF; http://www.gbif.
org), the Knowledge Network for Biocomplexity (KNB;
http://knb.ecoinformatics.org), the Program for Climate
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Model Diagnosis and Intercomparison (PCMDI 2015; http://
www-pemdi.llnl.gov/), and the BIOME 6000 Vegetation
Reconstructions (BIOME; http://www.ncdc.noaa.gov/
paleo/biome6000.html). The availability of data has been
expanded by increased availability of multi-sensor
remote-sensing data from a large array of sensors, such
as the data provided by platforms such as EOS/MODIS
(http://modis.gsfc.nasa.gov) and Landsat (http://landsat.
gsfcnasa.gov), and by the long-term accumulation of
data through initiatives such as the Long Term Ecological
Research Network (http://www .lternet.edu). The enor-
mous amount of available data at various spatial and
temporal scales offers a tremendous opportunity to
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improve simulations of Earth systems and to provide
a sound scientific basis for policy development. Science
is driven by information retrieved from data, and our
society now relies on diverse sources of scientific data
at multiple spatial and temporal scales. In particular,
it is increasingly recognized that global change research
requires novel strategies for open and free access to
data to support policy development. It is now widely
accepted that making data maximally available is a
core element of scientific research, and making this
the responsibility of individual scientists, research fund-
ing agencies, and the scientific community has become
the operating paradigm of science in the 21st century
(Hanson et al. 2011).

China is the world’s most populous country and has
the world’s second-largest economy. Chinese govern-
ment research funding has been growing at an annual
rate of more than 20%, and this investment will help
China to make outstanding progress in scientific and
other research activities (Shi and Yao 2010). As a result
of a national strategy to promote innovation through
research, China’s proportion of the total number of glob-
al research publications has increased greatly; China’s
position has improved from 17 in the world in 1993 to 2
in 2013 (ISTIC 2009; National Science Board 2014). How-
ever, the number of citations of these papers, although
improving from 19 in the world in 2003 to 5 in 2013, has
not kept pace with the number of publications (Fig. 1).
The absence of a mechanism for open and free sharing of
scientific data and various cultural considerations may
be the causes of this problem because the difficulty of
access to the scientific data underlying research articles
has decreased their citation rate. Recent evidence sug-
gests that sharing of research data can increase the cita-
tion rate of published papers (Piwowar et al. 2007). There
is therefore a growing need to provide the global change
research community with open and user-friendly access
to Chinese data to fill research gaps and provide new
insights into global change science.

Sharing of scientific data is a relatively new phenom-
enon in China. Scientific data are the basis for under-
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standing our world and providing support for policy
development and management decisions, and different
policy and decision contexts lead to the production of
different types of scientific information (Piwowar et al.
2007). Because global change, and particularly climate
change, has become a major focus of current research,
long-term collection of scientific data has increasing val-
ue for scientific and socioeconomic research. However,
the value of scientific data and its benefits to both sci-
ence and society can only be fully realized when these
data are exchanged and shared. Data sharing makes it
possible to efficiently exploit and utilize scientific data
(Sun 2003), and in particular it can help researchers to
avoid “reinventing the wheel.” Constructing an open
and user-friendly platform for sharing the available data
has therefore become a key priority for developing glob-
al change and Earth system science research in China’s
13th national 5-year plan.

Defining the Roots of the Problem

Traditionally, data sharing was not seen as a visible
or important part of scientific research in China or a
valuable scholarly endeavor. Chinese scientists have
had few incentives for sharing their research data and
the associated information. Rampant problems with
data sharing —some attributable to cultural, institutional,
and technological aspects of China’s research system—
have reduced the potential impact of the results from
large-scale research projects for the global Earth system
science community and have slowed China’s potential
pace of innovation. The culture of data sharing in China
is still within its infancy in the field of Earth system
sciences. There is a lack of general guidance within
different disciplines and government funding agencies.
Because of the synergies and economies that can result
from this sharing, an urgent need exists to develop
comprehensive data-sharing systems as well as a new
cultural paradigm of open access to data. However,
problems of heterogeneity and quality of data have
not been fully addressed to date in China and should
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Fig. 1.

The proportion of scientific publications in the world produced by China and the ranking of China in terms of citation of

these publications. Numbers in parentheses refer to the ranking of the total number of publications (data source: National Science

Board 2014).
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be explored in depth (Reichman et al. 2011). The gross
volume of scientific databases in China is still small
compared with the volume in developed countries,
amounting to less than 1% of the total available data
volume in world databases (Pang 2009).

Cultural aspects

Sharing knowledge is the key to the progress made
by science, but researchers in China do not always
release their data and research materials, even after
publication of their research. Most disciplines still lack
the technical, institutional, and cultural frameworks
required to support open data access. The idea of
data sharing remains unpopular and scientists consider
data collected during their research as private fruits
of their labor, even though their research was funded
by the government. In fact, those who undertake to
share their data face many personal difficulties (Fienberg
et al. 1985, Chen et al. 2014).

A major cost is time: the data must be standardized
to facilitate its use by other researchers, quality con-
trol must be performed, and the resulting data must
be formatted, visualized, documented, and released.
Unfortunately, this investment of time is high, and most
researchers underestimate how long such an effort
takes. In addition to the time investment, most Chi-
nese scientists are concerned that releasing their data
may lead other researchers to challenge or contradict
their conclusions, whether due to errors in the original
study, a misunderstanding or misinterpretation of the
data, or simply the use of more refined analysis meth-
ods. Future data miners might discover additional rela-
tionships in the data, some of which could disrupt the
research agenda planned by the original investigators.
Investigators may also fear that they will be deluged
with requests for assistance, or will need to spend time
reviewing and possibly rebutting future re-analyses of
their data. In addition, they feel that sharing data may
decrease their own competitive advantage, whether in
terms of future publishing opportunities, exchanging
information with other laboratories, or profiting from
intellectual property. In some fields, however, the main
barriers to data sharing are concerns about quantity and
quality. Researchers must not only analyze the data and
ensure that the data are correct but also need to make
great effort to supply enough metadata to make the data
usable by others.

As a result of these problems, most of the existing sci-
entific data that originated from long-term investigations
have not been utilized sufficiently due to the data quali-
ty issue because they do not have quality assurance and
quality control (QA/QC) protocol for their data manage-
ment and the absence of a culture of data sharing and
mechanisms to promote this sharing. The data were
therefore held by various departments and research
communities as private property, making it difficult

to share the data and obtain professional benefits. The
US and Canada have a better data sharing and plat-
form, policy, and system—for example, Fluxnet-Canada
(http://fluxnet.ornl.gov/site_list/Network/3) and America-
-flux (http://fluxnet.ornl.gov/site_list/Network/1). Both
provide open data (online) about continuous observa-
tions of ecosystem level exchanges of CO,, water, energy
and momentum spanning diurnal, synoptic, seasonal,
and interannual time scales and are currently composed
of sites from North America. However, scientists are
unable to obtain the existing or published data that they
need to support their research projects and must repeat-
edly collect similar data, at enormous cost in terms of
time and money. As Shi and Yao (2010) noted, this is a
problem of “wastes resources and corrupts the spirit.”
The intellectual property has been a key issue in China
not only for research publications but also for data use
and sharing. In fact, many individuals used the data of
others in their publications (or reports) without even an
acknowledgement. Therefore, it is critical and urgent to
develop abetter policy to protect the intellectual property
in China.

Institutional aspects

Firstly, the mechanisms for management and coordi-
nation of data sharing at a national level are still
lacking in China (Chen et al. 2014). The primary reason
that data (and other resources such as equipment) have
not been freely shared so far is because each institution
judges the success of researchers by the number (and
impact factor) of publications with either the lead
authorship or corresponding authorship. Secondly,
competition among institutions for research funding
and awards is a real problem and big challenge for
the institutional aspect of data sharing in China.
Opening up the data could help competitors while
reducing self-development. The absence of adminis-
trative and archival standards for data has led to
scattering of data among repositories, as well as damage
to, or even loss of, important data; this impedes the
production of high-quality data that can be directly
utilized by other scientists. The shortage of funds for
database development and maintenance has made it
difficult to establish fundamental public databases in
some fields and to maintain them once they have been
established. Another problem arises from concerns that
providing full and open access to proprietary data
will lead to a loss of competitive advantage due to
the incomplete mechanisms for protection of intellectual
property in China. The legislation that would govern
sharing and utilization of scientific data has not yet
been completed, so there is inadequate protection for
the data owner’s intellectual property. Another issue
that journals and data banks face is how to ensure
proper citations of these data sets. Without a generally
acceptable way of assigning credit for original data
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that exist outside a journal or other publication, it is
no wonder that scientists are reluctant to share: their
hard work may never be recognized by their employers
or by granting agencies.

Technological aspects

The lack of a platform for publishing and exchanging
scientific data is also a significant problem. The fact
that 95% scientific databases in China do not provide
an English version (i.e.,, most of the existing databases
are only presented in Chinese) also creates a language
barrier that impedes the sharing of data with research-
ers outside China. Most publically available databases
lack data visualization tools. Such tools are vital to
allow processing of complex data and to provide
insights into its meaning. In addition, only a small
fraction (less than 10%) of the scientific data that has
been collected is accessible in a standard format or
discoverable via Web searches as a result of data dis-
persion, heterogeneity, and provenance (Reichman et al.
2011). Most published data should be presented in
standardized table formats that facilitate data mining,
but developing an easily understood standard format
that allows researchers to understand the meaning of
the data and the relationships among the data
will require the development of data definition lan-
guages and other tools. In addition, the problem of
maintaining high-quality data is also vital to permit
data sharing.

Although Chinese science students receive reason-
ably good training in statistics, their studies are rarely
based on adequate knowledge of digital data technol-
ogy, meta-analysis, and meta-knowledge; in addition,
information management, a cross-discipline field that
encompasses the entire life cycle of data, is not yet
widely understood. We therefore need to find ways
of educating students about non-standard data types,
computational methods that can be scaled, legal proto-
cols, data-sharing norms, and statistical tools that can
take advantage of the new opportunities provided by
large databases.

Recent Progress

There has been impressive progress in formulating an
open data-sharing standard and developing an Earth
observation database and sharing network in China
in the past decade (Liu and Peng 2010, Sun 2010). In
2001, the Chinese meteorological data sharing project
was launched, heralding the start of a scientific data
sharing program in China. This was followed by the
Scientific Data Sharing Program (SDSP) launched by
China’s Ministry of Science and Technology (MOST)
in 2002. Its original purpose was to integrate publicly
funded data resources, and its long-term goal was to
leverage all possible data resources from the

government to the private sector, and make this
information available to the general public, thereby
providing strong data to support scientific advances
and innovation, government decision-making, economic
growth, social development, and national security. Two
years later, in 2004, the National Science and Technology
Infrastructure, which included SDSP and regarded
data-sharing as its core, was launched (Pang 2009).
By 2010, at least 18 scientific data-sharing projects were
funded by MOST in six main fields, including resources
and the environment, agriculture, population and
health, basic and frontier sciences, engineering and
technology, and regional development.

For the first time, the Chinese Ecological Research Net-
work (CERN) has made good progress in opening their
flux tower data from 2003 to 2005 for eight key research
sites across China (http://159.226.111.42/pingtai/LoginRe/
opendatajsp). In a recent meeting at Beijing (July 27-30,
2014), the CERN has collaborated and united with the
US-China Carbon Consortium (USCCC), Chinese Forest
Ecosystem Research Network (CFERN) for establishing a
new data-sharing policy and mechanism in order to pro-
mote data sharing and data re-use. Another good exam-
ple is the Global LAnd Surface Satellite (GLASS). It is free
shared distribution of global land surface remote sensing
products which facilitate the application of land surface
satellite on global change research (Liang et al. 2013). Five
GLASS products, including leaf area index, shortwave
broadband albedo, longwave broadband emissivity, inci-
dent short radiation, and photosynthetically active radi-
ation, have been developed, released and freely shared at
Beijing Normal University (see http://glass-product.bnu.
edu.cn/en/). These products have been evaluated and val-
idated by peer-review process and they are of higher qual-
ity and accuracy than the existing products (Liang et al.
2013). Recently, China has donated to the United Nations
the first open-access, high-resolution map (30-m resolution)
of Earth’s land cover (Chen et al. 2014). The GlobeLand30
data sets are freely available and comprise 10 types of land
cover, including forests, artificial surfaces and wetlands, for
the years 2000 and 2010. This will promote scientific data
sharing in the fields of Earth observation and geospatial
sciences (http://glc30.tianditu.com/Enbackground.html).

A series of policies and regulatory standards have
been developed and documented, and institutions have
been established for scientific data sharing. The need
for sharing of scientific data has been added as a new
section in China’s Scientific and Technological Progress
Law (http://english.cast.org.cn). On the basis of a sur-
vey of relevant domestic and international standards,
32 standards or regulations were designed (including 23
that are now complete at the national level). On the basis
of existing standards and regulations from different
industries, 120 standards and regulations for data shar-
ing in these industries have been drafted at a division
level (Pang 2009). By December 2005, the project had
invested more than 250 billion RMB (ca. USD 30 billion).
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The total users visiting scientific data-sharing websites
and its sub-sites had reached 14,000,000 and regis-
tered users’ number reached 50,000. By June 2008, 3,616
databases had been constructed, and the data sets that
were available online amounted to more than 35.5 TB of
data, of which more than 24 TB had been downloaded
to support more than 1,500 research and engineering
projects. Funding for these projects has amounted to
more than 25 billion RMB since 2000. More than 50% of
these data resources have mainly been used for scientific
research and education, and especially for national key
scientific research programs such as the “973” Program,
the “863” Program, and the National Natural Science
Foundation Program.

Chinese agencies are also making breakthroughs in
international cooperation. The China World Data Center
was set up in 1989. Chinese agencies have been working
with US agencies to exchange data (e.g., with the USGS
and NOAA) since 2005. The cooperation with the Com-
mittee on Data for Science and Technology (CODATA,
http://www.codata.org/) for data sharing will be contin-
ued. More recently (by November 5, 2010), the Govern-
ment of China organized and hosted the Group on Earth
Observations (GEO) 2010 Ministerial Summit and pro-
duced “The GEO Beijing Declaration: Observe, Share,
Inform” (GEO 20104,b) to advance international coop-
eration on Earth observation systems, data sharing, and
management in Earth system sciences. China serves as a
Co-Chair of the GEO Executive Committee and has sig-
nificant say in the international arena on sharing Earth
observations data. One of GEO’s core tasks is to devel-
op the Global Earth Observation System of Systems
(GEOSS) Data Sharing Implementation Guidelines and
Action Plan (23) and to establish the operational GEOSS

/>Tradition

»Privacy

Common Infrastructure, which significantly improves
access to global Earth observation data and resources.
The online supplemental material provides links to sev-
eral key Chinese and International databases.

Future Challenges and Opportunities

Although outstanding progress has been made to improve
sharing of scientific data in China, some problems related
to policies, standardization, technology, and coordinated
management are still impeding the progress of data
sharing. Fig. 2 summarizes these problems and their
relationships. Key data sharing challenges that the Chinese
global change community must resolve include:

1. Data quality issue in China is rooted in lacking the
standardized field data collection protocol and QA/
QC procedures in place to guarantee the accuracy and
precision of data. The success of the Chinese research
network is dependent upon the quality of data and its
accuracy. The research community requires an early
and continuing commitment to the maintenance, qual-
ity assurance, documentation, and distribution of its
data sets. The creation of an international compati-
ble field data collection protocol and a long-term and
high-quality data archive will be an important scientif-
ic legacy of the research networks in China.

. A cultural shift must still occur to encourage freer

data sharing, as the Chinese culture of data sharing

has not yet changed dramatically. (A profound cul-
tural change of this kind seems necessary because it
remains an ongoing challenge.)

Data visualization and access tools must be developed

to permit efficient use of data. The resulting data service

»Languages barries
> Personal fear

»Languages
»Data mining
> Softwi
> Visualization

ain}ng ul
Buibuey

Data
Sharing in

Fig. 2. Current problems (e.g., tradition, privacy, languages barriers, and personal fear) and future challenges (incentives,
mechanism, reward system, and obligation) for data sharing in China.
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must include assistance in selecting and obtaining
data; access to data-handling and visualization tools;
notification of researchers about data-related news;
and technical support and referrals. New Web-based
technology has already started to make Earth observa-
tion data more easily accessible.

4. It will be necessary to encourage data synthesis for
global change research. China is betting that an ambi-
tious program of data management will help to secure
a future of increasingly open and free data sharing.

5. Agencies such as the National Natural Science Foun-
dation of China (NNSFC) and MOST that fund
research need to recognize that the development of
both hardware and software tools for data-sharing
systems is central to their mission to facilitate open
and user-friendly digital data, and need to support the
development of these tools with appropriate funding.

6. Itwillbenecessary to develop anew education and out-
reach program to inform both experienced researchers
and students about data access, re-use, and mining,
as well as meta-analysis, data management, and data
sharing. Data analysis and management topics should
be woven into relevant courses at both the undergrad-
uate and graduate levels.

7. Universities, research institutions, and funding
agencies should develop new measures to evaluate a
research project’s success not only based on publica-
tions and other outcomes it produces but also based on
the amount and quality of data it makes available for
the wider user community and society.

8. Journals and other organizations should encourage (or
demand) that researchers deposit their data where it
will be publically available as a precondition for pub-
lishing. A new journal of Earth System Science Data
(http://earth-system-science-data.net/), which is dedi-
cated to promoting the exchange and sharing of sci-
entific data, was launched in 2009. The journal is an
international, interdisciplinary journal that focuses
on the publication of articles on original research data
sets, thereby promoting the reuse of high-quality data
of benefit to the Earth system sciences community.

Thinking globally and acting individually

To move toward open and user-friendly data-sharing
systems in China, we must both think globally and
act individually and personally: funding agencies can
become a key motivating force for this change if they
demand data sharing in return for financial support.
For data-intensive projects such as the 973 and 863
programs, a standard requirement is that all relevant
data must be made available on a publicly accessible
website at the time of a paper’s publication. Various
scientific societies can encourage this approach by
establishing it as a precedent, and journals can make
sharing of data a condition for publication. Domestic
and international Chinese journals can learn from Science

and Nature as well as other international journals (such
as the open-access Public Library of Science journals
or Ecological Archives) to strengthen their policies to
make data maximally available by publishing support-
ing online materials.

The emphasis on scientific data sharing will be in the
following two directions. Firstly, scientific data center
groups will be established for fundamental and common-
weal fields, including meteorological data, marine data,
and hydrological data. The goal will be to collect and
re-organize all possible data from government agencies,
institutes, programs, and individual investigators while
making full use of international scientific data resources
through increased cooperation with the international
research community. The result will be a multi-tier, dis-
tributed scientific data-sharing system that bridges the
gaps between agencies, institutes, and geographic regions.

Another direction will be to establish networks for
sharing scientific data based on the huge amounts of data
produced by major science and technology projects, key
areas of research, and fundamental and frontier fields.
More attention must be paid to developing an open-
access culture in China and to making data increasingly
accessible to all interested users at an affordable cost, or
free if possible.

The investment sources and intellectual property
rights related to scientific data must be strictly distin-
guished and an appropriate data management pattern
must be established, whether by providing free access or
charging a fee for utilization of the data. It is important to
note that the policy should also recognize that there may
be valid reasons for not sharing data, including concerns
about patient privacy and informed consent in fields
such as medicine. It is also understandable that some
agencies may worry about how releasing some types of
data might affect national security. Most participants in
the development of this policy agree that some sensitive
data, such as the precise locations of the last few indi-
viduals of an endangered species, should not enter the
public domain. However, these instances are now being
perceived as the exceptions to the rule rather than as the
default assumption.

The major tasks that lie ahead will be to re-edit existing
data resources; safeguard endangered scientific data and
records; develop the master database for large research
programs funded by the government; introduce interna-
tional data resources based on their scientific value, qual-
ity, and usability; integrate data from multiple sources;
and conduct value-added research.

In summary, China still lags behind the US and Europe
in terms of scientific data sharing and data quality.
Creating integrated data-sharing frameworks will there-
fore require a collective effort by all stakeholders. Sev-
eral initiatives toward collaborative, community-based
sharing of data have already begun, but China’s sharing
of scientific data is still very much at the nascent stage
of overall planning, and is still accumulating experience
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with the required technology and with policy develop-
ment, as well as with overseeing pilot data-sharing pro-
jects. There is still a long way to go to achieve full and
open exchange and sharing of scientific data. To do so,
Chinese research funding agencies must recognize that
preservation of, and access to, digital data are central to
their mission, and must support these tasks accordingly.
The Chinese government also needs to develop better
mechanisms, incentives, and rewards, while scientists
need to change their behavior and culture to recognize
the need to maximize the usefulness of their data to soci-
ety as well as to other researchers. The Chinese research
community and individual researchers must think glob-
ally and act personally to promote a paradigm of open,
free, and timely data sharing. Chinese universities and
research institutions must also develop a new education
and outreach program to teach their teachers, students,
and graduates about the need for data access and shar-
ing. It is time for China to build a healthy culture of data
sharing and a platform for data sharing that is compati-
ble with international resources.
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