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1. Introduction 
Rising atmospheric carbon dioxide (CO2) and climate change are increasing ocean temperatures and affecting ocean chemistry (e.g., ocean acidification). 
Monitoring these important changes using ships and other platforms generates large amounts of data from heterogeneous sources. Since its inception in 
1993, when it became a member of the DOE/NOAA Ocean Carbon Science Team engaged in the World Ocean Circulation Experiment (WOCE), the 
CDIAC Ocean Carbon Data Management Project has been organizing, quality assuring, documenting, archiving and distributing ocean carbon-related data 
collected via a number of U.S. and international ocean-observing programs. CDIAC's ocean carbon data collection includes discrete and underway 
measurements from a variety of platforms (e.g., research ships, commercial ships, buoys) in all oceans from the surface to seafloor. One important project 
at CDIAC is the data management support for the Global CO2 Time-series and Moorings Project. This poster describes the collaboration between NOAA/
PMEL Mooring group and CDIAC in the data management and archival of a high-frequency atmospheric and seawater pCO2 data from 14 open ocean 
sites using moored autonomous systems. Advancements in the ocean carbon observation network over the last decade, such as the development and 
deployment of Moored Autonomous pCO2 (MAPCO2) systems, have dramatically improved our ability to characterize ocean climate, sea-air gas exchange, 
and biogeochemical processes. The Moored Autonomous pCO2 (MAPCO2) system provides high-resolution surface seawater and atmospheric CO2 data 
that can help us understand inter-annual, seasonal, and sub-seasonal dynamics and provide constrains on the impact of short-term biogeochemical 
variability on CO2 fluxes. CDIAC NDP-092 provides a description of the data as well as the methods and data quality control involved in developing an 
open-ocean MAPCO2 data set including over 100,000 individual atmospheric and seawater pCO2 measurements on 14 surface buoys from 2004 through 
2011. The climate-quality data provided by the MAPCO2 have allowed for the establishment of open-ocean observatories to track surface ocean pCO2 
changes around the globe. Data are available at doi:10.3334/CDIAC/OTG.TSM_NDP092  

3. NOAA/PMEL open-ocean moorings in the MAPCO2 data set 

The international groups from 18 countries have mounted sensors on moored buoys to provide high-resolution time-series measurements of atmospheric 
boundary layer and surface ocean CO2 partial pressure (pCO2). The CO2 Time-series and Moorings Project is also coordinated by IOCCP. The high-
quality measurements of carbon-related parameters from the Moorings are available via CDIAC Time-series and Moorings Project Web site  
http://cdiac.ornl.gov/oceans/Moorings/ The Moorings data are also searchable in CDIAC Ocean Mercury. 

The clickable maps on the website allow users to find and download the data from Moorings and 
Time Series sites. Each Mooring data set sent to CDIAC for archival is separated by the 
mooring’s deployment times. Each deployment data file is archived along with deployment 
metadata Mercury XML file or deployment QFLog file. Each Mooring data set is published at 
CDIAC with the publication reference and DOI. 

In 2004, the National Oceanographic and Atmospheric Administration’s (NOAA) Pacific Marine Environmental Laboratory (PMEL) began to 
work with the Monterey Bay Aquarium Research Institute to improve the accuracy, reliability, and ease of use of an early moored pCO2 
system developed for buoys in the equatorial Pacific. Like the well-established underway pCO2 method (Wanninkhof and Thoning, 1993; 
Feely et al., 1998; Pierrot et al., 2009), this early moored system described by Friederich et al. (1995) and the MAPCO2 system described 
by Sutton et al. (2014) combine an air–water equilibrator with an infrared (IR) analyzer for CO2 gas detection. In 2009, the MAPCO2 
technology was transferred to Battelle Memorial Institute and is commercially available as the Sealogy® pCO2 monitoring system. This 
system is now accessible to the larger scientific community and deployed at over 50 locations in open-ocean, coastal, and coral reef 
environments, including on NOAA’s global moored CO2 network (www.pmel.noaa.gov/co2/story/Buoys+and+ Autonomous+Systems) and 
Australia’s Integrated Marine Observing System (http://imos.org.au).  

Location of NOAA/PMEL open-ocean moorings in the MAPCO2 data set. Inner 
circle color illustrates the mean ΔpCO2 of the finalized data at that location. 
Inner circle size is relative to the environmental variability in the time series 
defined here as the standard deviation of seawater pCO2 values. The outer 
ring shows the proportion of environmental variability in seawater pCO2 due to 
the seasonal cycle (black) and inter-annual variability (gray). Seasonal 
variability is defined as the mean seasonal peak amplitude, and inter-annual 
variability is the average difference of annual mean values. Seasonal and 
inter-annual variability cannot be quantified at JKEO with a time series of < 1 
year and is represented here by an outer ring with no color. 

Table 2. Final data variable names and descriptions. 

Table 1. Surface ocean pCO2 mooring deployments including in this 
data set. Links are to each mooring data archive page at CDIAC. 

Conclusions 
 
Mooring observations can play a critical role in improving our ability to 
model, understand, and describe the ocean carbon cycle on all 
timescales. In particular, time series from remote, data-sparse areas of 
the ocean collected on moorings fulfill a unique niche by providing the 
high-resolution data necessary to explore questions about short-term 
variability at fixed locations. Here we provide a data set of 3, hourly 
surface seawater and marine boundary layer atmospheric pCO2 
observations on 14 open-ocean moorings in the Pacific and Atlantic from 
2004 to 2011. When using the in situ and post-calibration methods 
described here, overall uncertainty for the MAPCO2 data is < 2 µatm for 
seawater pCO2 and < 1 µatm for air pCO2, making the MAPCO2 system a 
climate-quality method for tracking surface ocean pCO2. These types of 
sustained, temporally resolved observations allow us to improve our 
understanding of the role of shorter-term variability and key 
biogeochemical processes on the global carbon system. Potential uses of 
these data to inform our understanding of a changing ocean include 
investigating high-frequency variability in surface ocean biogeochemistry, 
developing seasonal CO2 flux maps for the global oceans (e.g., 
Takahashi climatology and SOCAT), studying ocean acidification, and 
evaluating regional and global carbon models.  
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