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Linking published scientific results with 
the data on which they are based has been 
a growing trend. In some disciplines, such as 
molecular biology, journals require submis-
sion of data to a recognized data center as a 
condition for publication of the associated 
article. Data centers, government agencies, 
and journals have been seeking new ways 
to link publications and data. The push for 
transparency of science is also moving most 
fields of science in this direction. The ben-
efits of publishing data and standardizing 
their provenance have been documented in 
several locations [European Union, 2010; Ball 
and Duke, 2012].

In the ocean sciences, a project was 
started in 2008 to bring together scien-
tists, data managers, and library experts to 
explore means to (1) increase the submis-
sion of data to data centers, (2) make data 
more accessible for reuse, (3) link data 
more closely to traditional journal publi-
cations, and (4) create a system that gives 
more credit to data generators. This project 
is a joint effort among the Scientific Com-
mittee on Oceanic Research, the Interna-
tional Oceanographic Data and Informa-
tion Exchange (IODE) of the United Nations 
Educational, Scientific and Cultural Organi-
zation’s Intergovernmental Oceanographic 
Commission, and the Marine Biological Lab-
oratory Woods Hole Oceanographic Institu-
tion (MBLWHOI) Library (see http://​www​
.iode​.org/​datapublishing). The launch of this 
activity was described in an article in Eos 
[Lowry et al., 2009]. The project is currently 
conducting two pilot projects to test ideas 
related to (1) linking traditional journal arti-
cles with data and (2) publication of “data 
snapshots” by data centers.

Linking Traditional Journal Publications 
With Data

For traditional peer-​reviewed scientific 
articles in the ocean sciences, it is often dif-
ficult to find the data on which the article 
is based, making it difficult to replicate the 
study, compile the data into a larger analy-
sis, or compare new results with previous 
results. Most journals encourage or at least 
allow submission of data in supplemental 
files, but these may be stored behind fire-
walls accessible only to journal subscrib-
ers and/or available in formats that are not 
machine readable.

At least one open-​access data journal has 
been created to address this issue, Earth Sys-
tem Science Data (ESSD), which has pub-
lished articles related to ocean sciences. 
Most ESSD articles provide digital object 
identifiers (DOIs) that point to data sets held 
in various data centers, such as PANGAEA 
and the Carbon Dioxide Information Analy-
sis Center. PANGAEA pioneered the use of 
DOIs for ocean data sets, but other centers 

have also begun to use them. AGU provides 
a location for authors publishing in AGU 
journals to submit supplementary informa-
tion, including data (see http://​www​.agu​.org/​
pubs/​authors/​manuscript​_tools/​journals/​
auxiliary​_material/​index​.shtml). An analy-
sis conducted for this brief report showed 
that less than 4% of the articles published 
in Global Biogeochemical Cycles; Geochem-
istry, Geophysics, Geosystems; Geophysi-
cal Research Letters; Journal of Geophysical 
Research-​Oceans; and Paleoceanography 
over the period from 1996 to 2011 had data 
submitted, although the submission rate var-
ied by journal and year.

The MBLWHOI Library is leading a pilot 
project to identify best practices for linking 
data sets to traditional journal articles and 
to give clear credit to data generators. This 
activity is based on the assumption that data 
directly related to journal articles should be 
accessible, discoverable, citable, and freely 
available through the Internet. Accessibil-
ity will require submission of data to a data 
repository that is stable and permanent. Dis-
coverability will depend on the develop-
ment of community-​accepted metadata stan-
dards. Citability will depend on the assign-
ment of a persistent identifier, as well as 
provenance metadata and attribution. The 
MBLWHOI Library is working to define stan-
dards and workflows that will support fund-
ing agency and publisher mandates. The 
library identified several published papers 
to test its e-repository model. An important 
component of this activity is a partnership 
of the library with the Biological and Chemi-
cal Oceanography Data Management Office 
(BCO-DMO) at WHOI. Tools and processes 
were developed to automate the ingestion 
of metadata from BCO-DMO for deposit with 
data sets into the Woods Hole Open Access 
Server (WHOAS) institutional repository 
and assign a DOI. The assignment of a DOI, 
enabling accurate data citation, has been 
identified as an incentive for scientists to 
make their data accessible.

Ideally, data would be submitted to this 
process before a paper based on those data 
is published, so the DOI can be cited in the 
published paper (as in ESSD), but the library 
has also been working to link previously 
published papers with archived data sets 
(in other words, tracking the provenance of 
data). An example of a WHOAS record that 
includes a paper and the related data can be 
found at https://​darchive​.mblwhoilibrary​.org/​
handle/​1912/​4852 for Lomas et al. [2008]. 
Articles in Elsevier journals that are listed in 
the ScienceDirect database can now include 
WHOAS data linkages in their ScienceDirect 
listings.

Pilot Projects for Publishing 
and Citing Ocean Data

River Turbidity and Sediment 
Loads During Dam Removal

Dam decommissioning has become an 
important means for removing unsafe or 
obsolete dams and for restoring natural flu-
vial processes, including discharge regimes, 
sediment transport, and ecosystem connec-
tivity [Doyle et al., 2003]. The largest dam-
removal project in history began in Septem-
ber 2011 on the Elwha River of Washington 
State (Figure 1a). The project, which aims 
to restore the river ecosystem and increase 
imperiled salmon populations that once 
thrived there, provides a unique opportu-
nity to better understand the implications of 
large-scale river restoration.

Two concrete dams are being removed 
incrementally (the downstream 32-meter-​
high Elwha Dam impounding Lake Aldwell 
and the 64-meter-high Glines Canyon Dam 
impounding Lake Mills) during this approxi-
mately 2-year project. More than 19 million 
cubic meters of sediment stored in both res-
ervoirs is being exposed, with the majority 
(16 million cubic meters) in the Lake Mills 
reservoir [Bountry et al., 2010]. Physically 
removing the sediment stored in the reser-
voirs was not logistically or financially fea-
sible. Thus the methods and schedule of 
deconstruction are largely focused on the 
natural erosion and transport of the stored 
sediment by the river, and expectations 
are that approximately 7–8 million cubic 
meters of the stored reservoir sediment will 

be transported to river and coastal regions 
downstream of the dams [Duda et al., 2011]. 
This short-term pulse in sediment supply, 
coupled with the long-term reconnection 
of natural upstream sediment supplies, will 
help to restore natural processes that, for 
example, maintain salmon spawning habi-
tat in the channel downstream of the dams 
and replenish the eroding beach at the river 
mouth.

During the initial stages of dam decom-
missioning—i.e., during reservoir drawdown 
but prior to complete dam removal—sedi-
ment was exposed subaerially on the reser-
voir deltas and eroded downstream into the 
river and coastal waters. The dam-removal 
strategy involved controlled drawdowns of 
the reservoir levels (Figures 1b and 1c) to 
enhance downstream transport of reser-
voir sediment in a metered fashion without 
the deleterious impacts of an instantaneous 
release [Randle et al., 1996]. Sediment was 
also eroded from several temporary coffer-
dams built just upstream from the Elwha 
Dam site to assist with deconstruction. 
Planned stoppage of reservoir drawdown 
occurred during “holding periods” and “fish 
windows.” Holding periods occurred regu-
larly to allow the river to laterally erode into 
delta sediment, and fish windows occurred 

Fig. 1. (a) Location map of the Elwha River watershed and turbidity monitoring sites. (b) Photo-
graphs of the Elwha and Glines Canyon Dams before and during dam removal. Images provided 
by collaborative webcams from Erdman Video Systems, Inc., and the National Park Service. 
(c) Elwha River conditions during the initial stages of dam removal, including water levels in the 
two reservoirs at Bureau of Reclamation stations, river discharge at the U.S. Geological Survey 
(USGS) station between the dams and cumulative sediment load at the USGS station below the 
dams, and river water turbidity at USGS stations above and below the dam sites. The cofferdam 
breaching events are highlighted with yellow bars. Turbidity results shown as formazin nephelo-
metric units (FNU) according to Anderson [2005].
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to reduce potential negative effects of water 
turbidity on migrating adult or juvenile 
salmon in the river.

The new sediment supplies to the river 
increased turbidity in downstream waters, 
which may have short-term ecosystem 
effects—e.g., high turbidity can reduce 
aquatic light levels and thus reduce rates of 
photosynthesis in aquatic organisms. Sub-
stantial changes to downstream river water 
turbidity were caused by several inten-
tional cofferdam breaching events that took 
place between September 2011 and March 
2012 at Elwha Dam (Figure 1c; for back-
ground and access to real-time and his-
torical river data, see http://www.usgs.gov/
elwha). Immediately following cofferdam 
breaching, which caused reservoir draw-
down and increased river erosion of the 
Lake Aldwell delta, peaks in downstream 
turbidity were observed for 2–6 hours (Fig-
ure 1c). After these initial peaks, river turbid-
ity remained elevated with respect to condi-
tions both upstream of the dams and before 
the breaching events.

High flow in the river also resulted in 
increased river turbidity at stations both above 
and below the dams (Figure 1c). The high-
est winter flows occurred during late Novem-
ber and late December 2011, when river tur-
bidities downstream of the dams were sus-
tained at several 100s of formazin nephelomet-
ric units (FNU) for weeks, which were many 
times higher than natural conditions measured 
upstream of Lake Mills. The station above 
the dams was inoperable during the high-
est November flow event (Figure 1c), but the 
available turbidity observations at this station 
rose during high flows and then consistently 
returned to values less than 10 FNU within 
days of peak flows (Figure 1c).

Hydrologically, the first half of water-
year 2012 (1 October 2011 to 31 March 2012) 
was relatively quiet. Compared to gauging 
records dating back to 1918, the total water 
discharge was only 90% of normal. In addi-
tion, the peak flows during the period were 
modest, with the largest event, a flow of 290 
cubic meters per second in November (Fig-
ure 1c), only 73% of the 2-year recurrence-
interval flood [cf. Duda et al., 2011].

Using a relation between river suspended-
sediment concentration and measured tur-
bidity, the authors of this brief report esti-
mated that the cumulative sediment load 
transported past the lower station from 
15 September 2011 to 15 March 2012 was 
140,000 tonnes (Figure 1c). Assuming a bulk 
density of 1.65 tonnes per cubic meter, this 
load is equivalent to approximately 0.4% 
of the 19 million cubic meters of sediment 
stored in the reservoirs and approximately 

1% of the 7–8 million cubic meters of sedi-
ment expected to erode from these deltas 
[cf. Duda et al., 2011]. Suspended-​sediment 
concentrations were overwhelmingly fine-
grained (less than 0.0625 millimeters) 
as shown by wet sieving of suspended-​
sediment samples, which averaged 87% fine-
grained by mass (standard deviation = 7.2%). 

Thus, although the effects of dam removal 
activities have already been measurable and 
significant, there will likely be much larger 
and sustained turbidity and sediment-trans-
port effects during the pending completion of 
dam removal during 2012–2013. For example, 
as of September 2012, Glines Canyon Dam 
had been lowered to approximately half of 
its original height, and most of the sediment 
in the Lake Mills reservoir remained trapped. 
Future erosion of reservoir sediments is 
likely to result in elevated river, estuarine, 
and coastal water turbidity and morpho-
logic changes in the downstream fluvial and 
coastal landforms and habitats. Continued 
tracking of these systems will be important 
to assess the habitat evolution and to help 
explain recolonization patterns and dynam-
ics of salmon recovery in what was histori-
cally one of the most productive and diverse 
salmon-producing rivers in the region.
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Publication of “Data Snapshots” 
by Data Centers

The British Oceanographic Data Centre 
(BODC) is leading an effort to publish “data 
snapshots.” Data centers are concerned with 
preserving and making accessible data in 
their entirety, free from interpretation and 
optimized for reuse. Hence, data origina-
tors are encouraged to deposit their primary 
data sets with data centers prior to starting 
further analyses and interpretation. This pro-
cess of depositing data to data centers is, 
and should remain, separate from the pro-
cess of writing and submitting interpretative 
papers to scientific journals. This is particu-
larly true in observational sciences, where 
subsets of data collected in the field can be 
used and/or combined with data from other 
observations prior to interpretation and jour-
nal paper publication.

A distinction must be drawn between 
data publication  and the normal data cen-
ter activity of data serving. Data serving 
includes acquiring data and metadata from 
the originating scientists, harmonizing meta-
data and data file format prior to database 
ingestion, ensuring that metadata are ade-
quate and accurate and that the data are 
available in appropriate file formats, and 
making the most up-to-date version of the 
data available for interested parties. Data 
publication, however, requires the assign-
ment of persistent identifiers and the guar-
antee that the data center will maintain an 
unchanged version of the data for the fore-
seeable future. As part of this publication 
process, data centers will be expected to 
assess the quality of the metadata and the 
suitability of the file format.

BODC staff members have created the 
prototype BODC Published Data Library 
(PDL), which provides snapshots of spe-
cially chosen data sets that are archived 
using rigorous version management. 
This enables citation in journal articles 
through the assignment of a DOI in col-
laboration with the British library (https://​
www​.bodc​.ac​.uk/​data/​published​_data​
_library/). Data sets selected for inclu-
sion in the PDL are those that are likely 
to have application beyond a single publi-
cation. This makes citation of these data 
sets by researchers easier: Rather than 
having to link various data sets (some-
times hundreds or thousands of obser-
vations from various sources), they can 
use the prepacked set and link it to their 
papers. Data sets will include both those 
already ingested by BODC as well as 
those that will be ingested in the future. 
The PDL catalog can be found at https://​
www​.bodc​.ac​.uk/​data/​published​_data​
_library/​catalogue/.

Next Steps

Work is continuing on these two activi-
ties with the objective of further refining the 
procedures and eventually mainstreaming 
these services throughout the research and 
academic community. To achieve the latter 
goal, the activities will be widely publicized 
through participation in relevant confer-
ences. In addition, a “cookbook” is planned 
to enable other libraries and national data 
centers to establish similar systems, using 
best practices. IODE will be implementing 
a Published Ocean Data system to provide 
a repository for data from scientists who do 
not have access to a national oceanographic 
data center. IODE is also surveying its mem-
bers to discover national activities on data 

publication. The group will continue to work 
with the Data Citation Standards and Prac-
tices Task Group of the Committee on Data 
for Science and Technology, of the Interna-
tional Council for Science (see http://​www​
.codata​.org/​taskgroups/​TGdatacitation/​index​
.html).
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