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Network Overview 
The Global Greenhouse Gas Reference Network (GGGRN) measures the atmospheric 
distribution and trends of the three main long-term drivers important for monitoring 
the composition of Earth’s atmosphere, carbon dioxide (CO2), methane (CH4), and 
nitrous oxide (N2O), as well as carbon monoxide (CO) which is an important indicator 
of air pollution. The Reference Network is a part of NOAA's Global Monitoring 
Laboratory (GML) in Boulder, Colorado. GML’s measurement programs include: 1) U.S. 
Tall-Tower Network, 2) Aircraft Network, 3) Global Flask Network, and 4) Atmospheric 
Baseline Observatories. These measurements and approximately 55 additional trace 
gases measured simultaneously undergo rigorous quality control and are directly 
traceable to internationally accepted calibration scales. The World Meteorological 
Organization's (WMO) international calibration scales for CO2, CH4, CO, N2O, and 
sulfur hexafluoride (SF6) are also maintained by our lab. We provide freely available, 
carefully calibrated, and documented measurements that are crucial for several 
reasons: 

●​ International Comparison and Regional Studies: They serve as a benchmark 
for measurements made by other international laboratories and are widely 
used in regional studies. 

 

https://gml.noaa.gov/ccgg/flask.html


●​ Calculating Emissions and Removals: The data is extensively utilized in 
studies that infer space-time patterns of greenhouse gas emissions and 
removals (“sources” and “sinks”), helping both scientists and policy makers 
around the world, while ensuring consistency in atmospheric observations. 

●​ Early Warning System: The network acts as an early warning system for 
potential climate "surprises". 

●​ Evaluating Remote Sensing Technologies: Our calibrated observations, 
especially from aircraft, are indispensable for the evaluation of satellite 
measurements of atmospheric gas concentrations, which can not be directly 
calibrated. 

 

Network Sampling Locations 

 

NOAA GML operates several measurement programs. Semi-continuous measurements are made at 
four (4) baseline observatories, 57 surface sites, 14 aircraft sites, and 14 tower sites. The discrete samples 
are analyzed in Boulder, CO. Contact: Dr. John Miller, NOAA GML CCGG, Boulder, Colorado, 
john.b.miller@noaa.gov, https://gml.noaa.gov/  

 

mailto:john.b.miller@noaa.gov
https://gml.noaa.gov/


Meet the Team 
 

Atmospheric Measurement Network (AMN) Team 
From left to right: Kate Baugh, Eric Moglia (Prep Lab Lead), Josh Mauss (Surface Lead), Jon Kofler, Phil Handley 

(Towers Lead), Sara Morris (AMN Team Lead), Brittany Verbeke (Aircraft Lead), Janelle Hakala, Jack Higgs

 



Scientific Spotlight 
Author: Juliette Dashe  NOAA Lapenta Intern, Colorado State University 

 
This summer, I worked under OAR with the Global Monitoring Laboratory in the Carbon Cycle 
Greenhouse Gas division under Gabrielle Petron, Lauren Chartier, Joshua Mauss and Aleya 
Kaushik. As my project was a culmination of the Carbon Cycle Greenhouse Gas (CCGG) 
division’s different needs as well as my own interests, the first few weeks required diving right 
into the division’s operations.  
 
The goal of NOAA’s Global Greenhouse Gas Reference Network (GGGRN) over the last 40 
years has been to track global atmospheric greenhouse gases (GHGs), which is essential to 
understanding the composition of Earth’s atmosphere. The GGGRN, comprising NOAA 
Atmospheric Baseline Observatories and Marine Boundary Layer sites, relies on partners to 
collect weekly air samples in flasks for analysis at the Boulder NOAA Global Monitoring 
Laboratory. However, local contamination at the sampling sites interferes with the desired 
goal of sampling background air. My job has been to identify Clean Air Sectors (CAS) unique 
to each site, which maximizes the likelihood of a good quality sample representing a 
large-scale regional background.  
 

In order to have an understanding of each 
site, data visualization is my best friend. I’d 
taken one intro Python course last fall, but I 
was certainly no coding wizard. Thanks to 
one of the NERTO interns, Joshua Richards, 
the help of my mentors, and of course good 
old Google, I was able to start making 
windroses, timeseries, histograms, and 
many, many distributions of wind speed and 
wind direction comparing retained, rejected 
and outlier samples. We consolidated this 
qualitative data in a slideshow and with the 
aid of Gaby and Josh, identified where 
certain sites needed specific investigation, 
such as how much the site’s rejection rate 
improved since a protocol change in the last 
few years. A great example of this was our 
site in Cold Bay, Alaska (CBA), where a  

 



 
 
building exhaust vent to the south of our sampling inlet (Image 1) led to a higher rejection 
rate of samples when winds came from the south due to contamination (Figure 1). 
 
 

 
 
 
This site-by-site approach was necessary to correctly assess their overall rejection rate. 
Some sites had leaks in the past, others had moved locations, and some had high turnover 
rates. But with all our data in one place, it was easier to see these differences and be able to 
reach out to the sites we believed had Clean Air Sectors that hadn’t been communicated in 
some time. By the end of my project, only two CAS were in our database. Now, one of those 
has been updated and we obtained an additional eleven from our site partners! 

 
 

Having these CAS help us to address the logistical obstacles each site faces, as we have a 
foundation to start with if rejection rates start increasing for an unknown reason. Rejected 
samples are a loss for us, a loss for our site partners and a loss for science as a whole. And by 
working with our site partners, like Robert “Sig” Sigurdson at Cold Bay, we can lower the 
rejection rate of samples by establishing a protocol to sample in the CAS (Figure 2)! 

 



 
 
Monica Madronich, who works with the Measurement of Atmospheric Gases that Influence 
Climate Change (MAGICC) system, gave a great analogy to understanding how the network 
operates: Eric Moglia and Kate Baugh are the legs of the system, enabling the network to stay 
in motion and remove any barriers regarding the logistics of sending and receiving around 
5,000-6,000 flasks annually. Once flasks arrive for analysis, Monica and MAGICC function as 
the heart. They pump the blood of greenhouse gas data to the brain, which takes in this data 
and makes sense of it through Quality Control. This is done by Xin Lan and Gaby Petron, who 
ensure that the greenhouse gas data is representative of background air and diagnoses 
problems when it isn’t. As with the body, there are so many additional roles that allow the 
system to operate. 

 



 

Surface Network 
The surface network consists of over 55 global 
sites, all of which routinely provide air samples via 
glass flasks. These air samples are collected 
weekly by volunteers and scientists globally and 
shipped back to Boulder, Colorado for analysis. 
There, they undergo analysis for over 50 trace gas 
concentrations and isotope ratios. This 
collaborative network of surface flask sampling enables the Global Monitoring Lab (GML) to 
track the spatial distribution of greenhouse gases across the globe and observe changes in 
their concentration across seasons and years. The Portable Sampling Units (PSUs) that we use 
draws air into the flasks for sample collection. The PSU consists of an extendable air intake line, 
a pump, and tubing to connect two flasks. The PSUs are semi-automatic and fill a pair of 
flasks, typically once per week, at each sampling site. Annually, between 15,000 and 20,000 air 
flasks are transported to and from our Boulder facility.  
Photo Credit: Sonja Wolter; a PSU set up to sample at our new site in Punta de Lobos, Chile (PLC), part of a 
collaboration with Dr. Rodrigo Seguel from the University of Chile. 

Operational Highlights 
●​ A new site in Punto de Lobos, Chile has 

started providing samples. Welcome to 
PLC, the newest site in the network! 

●​ We measured a total of 5,463 flasks from 
surface network sites in 2024! 

 
 

Science Highlights 
●​ We have expanded to measure the 

carbon-14 (14C) to total carbon ratio of 
carbon dioxide for a subset of network sites 

●​ The averaged global CO2 growth rate in 2024 
was 3.72 ppm, calculated from the sites in 
this network and published here: 
https://gml.noaa.gov/ccgg/trends/gl_gr.html 

 

 
  

 

 

https://gml.noaa.gov/ccgg/trends/gl_gr.html


Aircraft Network 
The aircraft program's mission is to capture 
seasonal and interannual changes in 
greenhouse gas concentrations in the lower part 
of Earth’s atmosphere (the troposphere). Small, 
privately operated aircraft collect flask samples 
at sites across North America (United States and 
Canada) and the tropical Pacific while 
descending from altitudes as high as 8,000 
meters (26,000 ft). Air collected in GML’s aircraft 
program is analyzed for carbon dioxide (CO2), carbon monoxide (CO), methane (CH4), and 
water vapor (H2O). Samples taken with these flasks are also analyzed for nitrous oxide (N2O), 
molecular hydrogen (H2), and sulfur hexafluoride (SF6), as well as isotopes of CO2 and CH4 and 
multiple halo- and hydrocarbons. These measurements help us understand changes in the 
large-scale horizontal and vertical distribution of the major and minor greenhouse gases, 
primarily across the United States. These measurements also improve our ability to better 
understand sources and sinks of greenhouse gas emissions. Data are publicly available via 
NOAA’s Global Greenhouse Gas Reference Network, a foundational tool used by climate 
scientists. 
Photo Credit: Jared Chursinoff; East Trout Lake, SA Canada (ETL) aircraft site 

Operational Highlights 
●​ Flight frequency across the 

network will be returning to 
two flights per month (or one 
for some locations) 

 

Science Highlights 
●​ Check out these publications to see how our 

measurements are impacting science:  
●​ https://pubs.acs.org/doi/10.1021/acs.est.4c14090 
●​ https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/

2024GB008418 

 
  

 

 

https://pubs.acs.org/doi/10.1021/acs.est.4c14090
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2024GB008418
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2024GB008418


Tower Network 
Starting in the 1990s, the Global Monitoring 
Laboratory (GML) began taking measurements 
from TV, radio, and cell phone towers (ranging 
from 100 to 600 meters) to expand our 
long-term monitoring of carbon cycle gases 
over continental areas. At these tower sites, we 
make continuous, regionally representative 
measurements of carbon dioxide (CO2), carbon 
monoxide (CO), and methane (CH4). 
Additionally, we use the towers as platforms for collecting air samples that are shipped back 
to GML in Boulder for analysis of CO2 and more than 50 other gases. In 2024, we began the 
process of updating our aging field measurement equipment, by deploying single 
high-precision analyzers that integrate measurement CO2, CH4, and CO into a single 
instrument. This initiative represents the initial phase of a multi-year plan aimed at ultimately 
upgrading to a new trace gas measurement system, designated as “NextGen”. 
Photo Credit: Jon Kofler; Setting up the new South Carolina tall tower site (SBT) 

 

Operational Highlights 
●​ The Colorado Atmospheric 

Observatory (CAO) was added to the 
network in 2024 and serves as the first 
fully NextGen testbed site 

●​ The South Carolina tower site moved 
from Beech Island to Barnwell 

 

Science Highlights 
●​ Check out the publication below to 

see how our measurements are 
impacting science:  
https://pubs.acs.org/doi/full/10.1021/acs.est.5c04607 

 

 
  

 

 

https://pubs.acs.org/doi/full/10.1021/acs.est.5c04607
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