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Jesper Riis Christiansen and Christian Juncher Jørgensen of the University of Copenhagen report  
on the first Arctic field measurement using the new Picarro GasScouter G4301. The aim of their study  
is to determine the magnitude and extend of atmospheric CH4 uptake in soils across a variety of previously unexplored dry 
and well-drained tundra landforms which occupy vast areas in the ice-free part of Arctic and High-Arctic Greenland.  The 
high precision of the GasScouter allowed them to achieve reliable flux estimates in sub-ambient CH4 concentration levels 
with a 4-minute chamber enclosure time per chamber measurement. The light weight, time-efficiency and low power 
consumption of the GasScouter enabled Jesper and Christian to reach areas that have typically been considered out of 
reach for real-time high-precision measurement of important greenhouse gases, i.e. marginal moraines and other glacial 
features at the Greenland ice sheet as well as mountain tops and outwash plains. The GasScouter’s high mobility and ease 
of use should help resolve research questions in terms of spatial drivers and temporal variations of both sources and sinks 
of CH4 and CO2 across harsh Arctic landscapes. 

Introduction

Balancing natural sinks and sources in the global CH4 
budget is a major scientific challenge due to high spatial 
and temporal variability of the processes that consume 
and produce CH4. In the Arctic region, climate change 
is projected to increase emissions of CH4 from thawed 
permafrost carbon deposits which could have global 
climate impacts (Schuur et al., 2015). Flux towers and 
long-term monitoring using closed chambers have 
provided a fundamental understanding of the temporal 
drivers of the net ecosystem CH4 emission from Arctic 
wetlands. However, recent studies have shown that 
the magnitude of net uptake of atmospheric CH4 in 
dry tundra soils can balance adjacent wetland CH4 
emissions (Christiansen et al., 2015b; Emmerton et al., 
2014; Lau et al., 2015) and even result in the landscape 
being a net sink of atmospheric CH4 (Juncher Jørgensen 
et al., 2014). Underlying these recent findings is a 
departure from the fixed location approach to a spatial 
exploration using mobile high precision field analyzers. 
While these new studies point to an important yet 
overlooked component of the Arctic CH4 budget, many 
questions still remained unanswered. One important 
aspect is the unconstrained lower limit of net CH4 
uptake in Arctic tundra soils and as well as a spatial 

delineation of where in the landscape CH4 uptake starts 
and ends. This calls for a new agenda where the flux 
measurements are mobilized so the end members of net 
CH4 uptake can be explored and the net Arctic CH4 sink 
can be constrained. To achieve this we need to conduct 
additional measurements in the unexplored which 
requires mobility and fast spatial survey methodology 
while ensuring the needed analytical precision. For 
this purpose we tested the newly developed Picarro 
GasScouter G4301 which provides state-of-the-art CH4 
and CO2 analyzer in a portable back-pack. 

Jesper Christiansen and Christian Jørgensen of the University of Copenhagen 
measure CH4 exchange in the glacier surface of the Greenland Ice sheet.



Experimental Setup

Greenhouse Gas Analyzer – Picarro GasScouter G4301 
In this study we used the new Picarro GasScouter 
G4301, which is based on cavity ring-down 
spectroscopy (CRDS). The 
G4301 weighs 25 pounds 
(11.3 kg) and is housed 
inside a portable hard-shell 
backpack. The GasScouter 
measures CO2, CH4 and 
water vapour allowing for 
real-time correction of CH4 

and CO2 concentration to 
dry mole fractions in parts-
per-million (ppm). Real-time 
representation of measured 
CH4 and CO2 concentrations 
can be displayed on most 
smart phones and tablets 
using a remote-desktop 
application.

Fast Deployable Chamber Measurements  
of the Soil-Atmosphere Exchange CH4 and CO2 
The inlet and outlet of the GasScouter were equipped 
with Colder non-valved quick-connectors. The 
GasScouter was connected in a loop to a closed 
chamber. The chamber height was 12 cm with a 
total headspace volume of 8.4 L. The chamber was 
equipped with a data-logger recording headspace 
temperature and relative humidity during flux 
measurements. To measure the exchange of CH4 and 
CO2 the chamber was used without a pre-installed 
collar. To achieve a seal between soil and chamber it 
was pushed gently into the top 1 cm of the soil so the 
entire periphery of the chamber was inserted in the soil.
The built-in pump of the GasScouter circulated the air 
inside (1 l min-1) the chamber headspace. CH4 and CO2 
concentrations were recorded every three seconds. 
With an enclosure time of 4 minutes this provided on 
average 80 concentration measurements per chamber 
enclosure.

Location
We conducted a 6-day field measurement campaign 
in the area of Kangerlussuaq, West Greenland. The 
objective of our study was to do a spatial survey of net 
CH4 exchange rates for both representative land areas 
and landscape extremes of Western Greenland covering 
a landscape gradient from recently deposited glacial till 
to vegetated upland dry tundra.

Results

Mobility
Due to the light weight and high mobility of the 
GasScouter, we were able to measure the CH4 

exchange in the major 
geomorphological 
features found in the 
landscape from the ice 
margin of the Greenland 
Ice Sheet to the tundra: 
glacier surface of the 
Greenland Ice sheet, 
supra-glacial sediments, 
outwash plain, marginal 
moraines, wetland, 
lake shore-mountain 
transects and mountain 
tundra plateaus at 
different distances to the 
Greenlandic ice sheet.

Sensitivity in the Laboratory and the Field

Laboratory testing
Prior to the field measurement campaign, we tested the 
GasScouter G4301 with a Picarro G2203 cavity ring-
down spectrometer to validate the accuracy, precision, 
response time and sensitivity of the GasScouter’s CH4 

measurements. Due to the study design and aims, 
we were particularly interested in the GasScouter’s 
performance at sub-ambient CH4 concentration levels. 

Overall, the G4301 and G2203 analyzers showed 
very high agreement, both in the absolute level of CH4 
concentration as well as response time to variations 
in the CH4 concentration (FIGURE 1). Initially, the two 

The light weight and mobility of the Picarro GasScouter enables easy transport and 
measurement of CH4 exchange across the remote landscape of Greenland.

FIGURE 1.  Comparison of CH4 concentration measured in a laboratory setup 
between Picarro GasScouter G4301 and Picarro G2203.
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analyzers measured the ambient concentration at 2 
ppm in an open tedlar test bag. The bag was then 
closed and flushed with pure N2 resulting in a sharp 
drop in measured CH4 concentrations. After this, 
the test bag was spiked with concentrated CH4 and 
both analyzers measured a maximum concentration 
of 10.82 and 10.81 ppm, respectively. Subsequently, 
pure N2 was added in steps to the bag resulting in a 
stepwise decrease of CH4 concentration, where both 
analyzers showed the exact same behavior. The G4301 
showed similar high precision and fast response as 
the G2203 in sub-ambient CH4 concentrations down 
to a concentration of 0.05 ppm CH4, which was the 
minimum concentration level in our test.

Field Results
In the field, the high precision and fast sampling 
frequency (3 seconds) of CH4 concentration 
measurements combined with real time data display 
allowed us to optimize the chamber enclosure time to 
just 4 minutes, as a change in chamber headspace 
concentration of at least 20 ppb is considered 
adequate for subsequent flux calculation (FIGURE 2). This 
enabled us to increase the number of spatial replicates 
and cover more ground with minimal down-time or 
waiting periods. 

FIGURE 2.  Examples of 18 flux measurements of the net CH4 exchange between the 
soil and atmosphere distributed across a mountain tundra site in Kangerlussuaq, 
West Greenland. The measurements were done using the Picarro GasScouter 
G4301 connected to a fast deployable closed static chamber. The decreasing CH4 
concentration headspace is a direct result of atmospheric CH4 being taken up by 
the soil, presumably due to microbial CH4 oxidation.

Conclusions

The ability of the GasScouter to accurately measure the 
change in headspace CH4 at sub-ambient levels proved 
to be very important for our study, as the resulting data 
show consistent uptake of atmospheric CH4 in the 
majority of the surveyed areas, greatly enhancing our 
understanding of the spatial variability, active landforms 
and landscape limits to the Arctic CH4 sink which is vital 
for getting the net Arctic CH4 budget right. 

Our field test of the Picarro GasScouter G4301 further 
shows that it is now possible to obtain high quality data 
of net CH4 exchange at a new level of spatial resolution 
at previously unexplored landforms due to the 
emergence of highly mobile field analyzers. This opens 
up for further exploration of greenhouse gas exchange 
across landscape extremes and spatial gradients and 
how these processes are linked to controlling factors in 
complex landscapes.

 

The Picarro GasScouter, a tablet computer displaying its web-based graphical user 
interface (GUI) and a soil chamber operating in the mountain tundra of Greenland.


