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Time-series measurements of nitrous oxide and methane 
in the oligotrophic North Pacific Subtropical Gyre 

1. Time series observations 

3. What does the near-future hold? 

2. Understanding the sources and sinks 
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In the Earth’s atmosphere, CO2, CH4, and N2O account for 87% of the total radiative forcing 
associated with greenhouse gases. The atmospheric burden of CO2, CH4, and N2O are steadily 
increasing with an annual increase of 0.5 % for CO2, 0.4 % for CH4, and 0.25 % for N2O. 

Atmospheric mixing ratios of CO2, CH4, and N2O measured at Mauna Loa Observatory since 1990. Data are from the Earth 
System Research Laboratory (ESRL), NOAA. 

Greenhouse gas measurements in the North Pacific 

Greenhouse gases in the atmosphere 

Greenhouse gases in the ocean 

     Station ALOHA has been the long-term time series 
monitoring station for the Hawaii Ocean Time-series (HOT) 
program since 1988.  Located at 22o45’N, 158oW it is 
representative of the oligotrophic North Pacific Ocean.  
Repeated measurements of core parameters, including CO2, 
CH4, and N2O are conducted on a near-monthly basis.  
Another premier research facility, the Mauna Loa 
Observatory on the Big Island of Hawaii, has been 
measuring atmospheric greenhouse gases since the 1950’s. 
 

Our ability to accurately measure and report short and long-term variability in the 
radiatively important trace gases, carbon dioxide (CO2) nitrous oxide (N2O), and methane 
(CH4), at the Earth’s surface is increasingly important over the next few decades.  

Identifying the microorganisms and the associated metabolic pathways responsible for 
producing N2O and CH4 remains a key challenge.   

Developing the analytical and data reporting infrastructure to 
accurately document the ocean’s role as a sink for atmospheric CO2 
represents several decades of coordinated scientific effort.  As a 
result, an annual increase of 0.5% in pCO2 concentrations in the 
surface waters at Station ALOHA can accurately be reported. 

Dissolved CH4 concentrations in surface seawater 
measured during the last 2-3 decades at Station ALOHA. All 
measurements were conducted via discrete analysis of 
preserved sampIes.  Concentrations are superstaurated 
with no evident increase within the sampling timeframe. 

Vertical profiles of N2O and CH4 

Use of sediment traps to unravel microbial processes 

In May 2013, a proposal will be submitted to the Scientific 
Committee of Oceanographic Research (SCOR) to improve and 
consolidate oceanic measurements of N2O and CH4.  The project 
will consist of (i) an intercalibration exercise for discrete N2O and 
CH4 measurements and data-reporting (ii) conduct an overall 
assessment on the status of dissolved N2O and CH4 
measurements in the global oceans.  Shown on the right are the 
locations of the participating laboratories across the globe. 

Dissolved N2O concentrations in the surface waters of 
the open ocean typically 110% super-saturation with 
respect to the overlying atmosphere.  N2O 
concentrations increase with depth, particularly at 
locations in the water column where O2 concentrations 
decrease and nutrient concentrations increase.  N2O is 
produced as a by-product of microbial nitrogen 
metabolism and in oxygenated seawater the most 
described pathway is nitrification.   

Until recently, it was considered likely that the CH4 in the 
open ocean derives from the Euryarcheota, a group of 
microorganisms characterized by their fastidious 
anaerobic metabolism. However, two pieces of recent 
independent scientific evidence indicate that Archaea 
metabolism might not be the only CH4 production 
mechanism: (1) methylphosphonate metabolism by 
marine cyanobacteria (Karl et al. 2008) and (2) 
production of CH4 by terrestrial plants (Keppler et al. 
2006). 

Free-drifting sediment trap arrays are used to collect sinking particles to analyze their elemental 
composition and provide an estimate of the downwards flux.  They can also be used to conduct in 
situ incubation experiments on sinking particulate material which represent important habitats for 
microbial activity, particularly for the production of reduced gases. 

In Sept 2011 large 
sediment trap 
arrays were 
deployed in the 
vicinity of Station 
ALOHA to 
investigate the 
sinking flux and 
production of CH4 
and N2O 

The production of CH4 in sinking material 
collected in sediment traps is highest 
between 100-175 m, extending up to 6 
nM.  Plotting this as % difference 
between live and dead traps reveals a 
strong gradient with depth.  CH4 
concentrations in the dead traps between 
100-150 m range from 1.8-2.3 nM. 

The addition of NO2 caused an increase in N2O 
concentrations in the upper 100-200m.  In cultures of 
ammonia-oxidizing bacteria, N2O production is 
stimulated by the addition of NO2 (Frame and Casciotti, 
2010). The potential for this to occur in the open ocean 
is supported by analysis of δ18O-N2O and the δ15N site 
preference (e.g. Charpentier et al., 2007).  

Dissolved N2O measurements in surface seawater of the oligotrophic North Pacific Subtropical 
Gyre are presented from the past 4 decades.  The 1979-1992 measurements used an 
underway equilibrator (Weiss et al. 1989), while 1996-1998 and 2008-2012 measurements 
analyzed discrete, preserved samples. 

The release of N2O via NO2 metabolism is 
referred to as the  ‘nitrifier-denitrifier’ pathway 
whereby NO2 is first reduced to NO and then to 
N2O. 
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