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H I G H L I G H T S

• Continuous, year-long aerodynamic gradient (AG) measurement of H2 fluxes.
• First field-scale micrometeorological flux measurements of H2 in Europe.
• Soil moisture strongly controls H2 flux in mineral grassland soils.
• AG method agrees well with flux chamber measurements of H2 flux at site.
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A B S T R A C T

Atmospheric hydrogen (H2) plays a significant role in tropospheric chemistry, yet substantial uncertainty re
mains surrounding the magnitude and controls of the global soil sink. We report the first year-long, continuous 
measurements of H2 exchange using the aerodynamic gradient (AG) method at a temperate grassland. Despite 
the challenges associated with resolving small vertical gradients and the slow response time of GC instrumen
tation, the AG system produced a coherent record of ecosystem-scale H2 uptake. Temporally aggregated data 
revealed that soil moisture was the dominant control of H2 uptake at our site, with stronger uptake during warm, 
dry periods and minimal uptake when water-filled pore space was high (>50%). Soil temperature showed little 
independent effect once covariance with moisture was accounted for. The annual flux of two adjacent grassland 
fields was estimated to be − 3.00 and − 7.67 kg H2 ha− 1 over the measurement period of September 2024 to 
September 2025 (mean deposition velocity (Vds) of 0.20 and 0.51 mm s− 1). This study provides further evidence 
that the H2 soil sink can be quantified accurately at the field scale using currently available micrometeorological 
methods but highlights the need for thorough temporal and spatial resolution measurements of soil parameters to 
better understand the drivers behind H2 flux in soils.

1. Introduction

Molecular hydrogen (H2) is the second most abundant reduced gas in 
the atmosphere after methane (CH4), with a global mean mixing ratio of 
approximately 530 to 550 ppb (Paulot et al., 2024; Pétron et al., 2024) and 
an atmospheric lifetime between 1 and 3 years (Novelli et al., 1999). H2 gas 
does not contribute to radiative forcing directly, as it is a diatomic molecule 
with no dipole moment (i.e., the molecules do not directly absorb infra-red 

radiation); however, competition with CH4 and other trace gases (ozone 
and water vapour) for hydroxyl radicals (OH) influences the oxidative 
capacity of the atmosphere and affects the concentration and lifetime of 
greenhouse gases (GHGs) (Ocko and Hamburg, 2022; Warwick et al., 
2023). Overall, the production of H2 contributes indirectly to a net 
climate forcing, with a global warming potential (GWP) estimated be
tween 3.3 and 11.6 over a 100-year time horizon (Derwent et al., 2020; 
Field and Derwent, 2021; Sand et al., 2023). With projected growth in H2 
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production and use in energy systems as an energy carrier (e.g., the 
hydrogen economy) there is increasing concern that fugitive emissions of 
H2 could offset some of the anticipated climate benefits of the reduction in 
the use of fossil fuels, particularly if activities lead to significant pertur
bations in the global H2 budget (Ocko and Hamburg, 2022; Rezaei et al., 
2025).

The global H2 budget is dominated by two removal processes: oxidation 
in the atmosphere via reaction with OH radicals (10 to 30%) and uptake by 
soils (70 to 90%) (Ehhalt and Rohrer, 2009; Morfopoulos et al., 2012; 
Novelli et al., 1999; Rhee et al., 2006). The soil sink is mediated by 
hydrogen-oxidising bacteria that are ubiquitous in global soils and 
consume atmospheric H2 (Baril and Constant, 2025; Greening et al., 2022; 
Hou et al., 2025). Microbial uptake of H2 in soils (the soil sink) is wide
spread across ecosystems, but its magnitude and variability are strongly 
influenced by soil physical properties such as moisture, temperature, 
vegetation type, and land management (Cowan et al., 2025; Drewer et al., 
2026; Meredith et al., 2014; Reji et al., 2025; Smith-Downey et al., 2008). 
Abiotic constraints can also impact the potential for H2 uptake in soils, 
particularly the diffusion rate of H2 into soils. Waterlogged or compacted 
soils with low diffusivity can minimise the exchange of H2 between the 
atmosphere and active microbial layers in the soil, thus significantly 
reducing the potential for H2 oxidation (Bertagni et al., 2021; Drewer et al., 
2026; Smith-Downey et al., 2008).

Despite its importance, the soil sink remains one of the largest un
certainties in the global H2 budget (Novelli et al., 1999; Ouyang et al., 
2025; Rhee et al., 2006), and this uncertainty results in uncertainties in 
the other budget terms and its atmospheric lifetime overall. Observational 
coverage is limited, particularly for long-term, continuous flux measure
ments at the ecosystem scale. Most existing measurements of H2 flux have 
been obtained using flux chambers at the plot or field scale (e.g. Baril et al., 
2022; Cowan et al., 2025; Lallo et al., 2009; Smith-Downey et al., 2008). 
These approaches allow for concurrent soil and microbial measurements 
and can be deployed across diverse landscapes. However, chamber 
methods are inherently limited in their spatial representativeness, often 
sampling areas of less than 1 m2 and are susceptible to artefacts such as 
pressure perturbations and alterations of diffusion rates between soil and 
atmosphere (Hudson and Ayoko, 2008; Xu et al., 2006). Temporal 
coverage is typically constrained to discrete campaigns or sporadic manual 
sampling, making it difficult to capture diurnal, seasonal, and interannual 
variability. Given that environmental conditions that alter the rate of mi
crobial oxidation of H2 in soils can vary over relatively short timescales 
(hours/days) due to changes in moisture (e.g., heavy rainfall) or temper
ature cycles, limited sampling schemes (using manual chambers) risk 
biasing flux estimates when extrapolated to annual budgets. Currently, 
there is a shortage of high temporal H2 flux data which would allow for 
assessment of measurement methodologies, largely due to technical con
straints of gas analysers and until recently, lack of interest in the topic.

For trace gases, micrometeorological flux measurement methods, such 
as the eddy covariance (EC) technique or the aerodynamic gradient (AG) 
method often offer an alternative method when estimating fluxes at the 
field scale. By measuring turbulent transport above the canopy, these 
methods integrate fluxes over relatively large homogeneous surfaces (100s 
of m2) and capture semi-continuous time series of measurements, spanning 
weeks to years. For H2, however, micrometeorological applications face 
significant challenges. The application of the EC methods requires fast 
measurement of gas concentrations (≥10 Hz). Unlike commonly measured 
gases such as CO2 or H2O, there are no commercially available fast- 
response sensors for H2 suitable for EC. Consequently, the AG approach, 
which can be implemented with slower-response sensors (such as gas 
chromatography) and then infers fluxes from vertical concentration gra
dients and turbulence measurements is one of the few micrometeorolog
ical methods capable of measuring H2 flux between soil and atmosphere at 
the local level (e.g. Meredith et al., 2014). An alternative approach to infer 
fluxes averaged over a larger area from measurements is the application of 
inversion modelling (e.g. Simmonds et al., 2011). The AG method offers a 
feasible path to year-round H2 flux measurements, but it brings its own 

methodological complexities. Gradient-based flux estimates rely on the 
accurate determination of small vertical concentration differences (often 
in the range of a few parts per billion) over measurement heights separated 
by only a few metres and therefore require precise measurement methods 
(Abdulwahab et al., 2025; Meredith et al., 2014).

Despite these challenges, long-term micrometeorological H2 flux 
measurements are essential for improving process understanding and 
informing atmospheric models. Current global models parameterise the 
H2 soil sink using biome-specific deposition velocities or empirical 
functions of soil temperature and moisture (Morfopoulos et al., 2012). 
These parameterisations are based on a limited set of field observations, 
often from short-term studies in North America, Europe or Japan, and 
may not capture the diversity of conditions in other regions. There is a 
particular lack of continuous, ecosystem-scale H2 flux data from 
temperate grasslands, which cover large areas globally. Underestima
tion of sink strength, or mischaracterisation of its variability, can lead to 
biased projections of atmospheric H2 burdens and associated impacts on 
the lifetime of GHGs such as CH4 which ultimately determines the GWP 
of H2 as a secondary GHG.

In this study, we aim to quantify the annual and seasonal variation in H2 
fluxes over a managed grassland at the long-term Easter Bush flux moni
toring site in Scotland (UK) using the AG method and study their controls. 
We assess methodological performance between the AG and flux chamber 
methods (as reported in Cowan et al., 2025) as well as capability to predict 
H2 fluxes based on environmental parameters. To our knowledge this work 
represents only the second time H2 fluxes have been measured for more 
than a year using a micrometeorological technique, and the first time over 
grassland and in the UK. The dataset provides a unique opportunity to 
analyse the temporal dynamics of the exchange which would be missed 
with sporadic chamber measurements, and it constitutes an important 
reference point for both process-based understanding and the development 
of robust, regionally relevant parameterisations for atmospheric modelling.

2. Methods

2.1. Field site

Measurements were conducted at a long-term environmental moni
toring site at Easter Bush Farm in Midlothian, central Scotland 
(55.8653◦ N, 3.206◦ W) from August 2024 until September 2025. The 
measurement location sits on the boundary between two adjacent fields, 
referred to as North and South (as in Cowan et al., 2020; Drewer et al., 
2016). Both fields are intensively managed, improved grasslands used 
primarily for sheep grazing since 2001. Vegetation is dominated (>99%) 
by perennial ryegrass (Lolium perenne). The soil is classified as an 
imperfectly drained Eutric Cambisol with a silt loam texture. Manage
ment practices are typical for the region and include tractor-mounted 
broadcast applications of ammonium nitrate fertiliser, liming every 
3–5 years to maintain soil pH between 5.5 and 6.0, and occasional 
ploughing and reseeding. Equipment was installed within a small, 
maintained, enclosed area with similar grass conditions as the fields, in 
which a permanently stationed, temperature-controlled cabin with ac
cess to mains power was located directly between the fields (Fig. 1). 
Nitrogen fertiliser as ammonium nitrate (Nitram®) was applied to the 
North and South fields on the 5th of April 2025 at a rate of 43.1 and 
138 kg N ha− 1, respectively. The pH of the soil in the fields is approxi
mately 5.5 and the sand/silt/clay ratio is 25/55/20 (as reported in 
Cowan et al., 2025).

2.2. Meteorological measurements

Meteorological measurement equipment was located in the enclosed 
area between the North and South fields (Fig. 1). Continuous measure
ments of soil temperature and soil volumetric water content (VWC) were 
made throughout the measurement period at 5, 10, 20 and 50 cm depth 
in the soil using buried CS655 water content reflectometers and CS109 
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temperature probes (both Campbell Scientific, Utah, USA). Water filled 
pore space was calculated using a bulk density (BD) of 1.11 g cm− 3 and a 
particle density (PD) of 2.57 g cm− 3 (both measured in 2024 as reported 
in Cowan et al., 2025) as: 

%WFPS=
VWC

(

1 − BD
PD

)× 100 Equation 1 

Air temperature and relative humidity were measured by a HMP60 
Humidity and Temperature Probe (Vaisala, Vantaa, Finland) at a height 
of 1.85 m. A second mast was equipped with an ultra-sonic anemometer 
(R3-50, Gill, Lymington, UK) mounted at a height of 2.5 m to measure 
fluctuations in 3-D wind components at a frequency of 20 Hz. The pre
vailing wind direction at the site has historically been south-westerly 
(from the South Field) with occasional north-easterly winds (from the 
North field). During the flux measurement period, winds were typical, 
with predominant south-westerly winds from the direction of the South 
Field (76%) with a smaller coverage of the North Field (24%) (Fig. S1).

2.3. Aerodynamic gradient flux measurements of hydrogen

The AG method was used to measure gas fluxes of H2, and also of CO2 
and H2O for comparison with collocated EC measurements for quality 
control. A mast with four inlet heights (0.55, 0.90, 1.70 and 3.05 m) was 
positioned within the enclosure between the North and South fields. A 
16 m length of 1/4″ OD Dekabon tubing (Synflex 1300 Tube) was con
nected to each inlet and run along the protected conduit into the 
temperature-controlled cabin (Fig. S2). Each inlet line was connected to a 
separate 10 L stainless steel container housed within the cabin. Air was 
pumped continuously (VT4.4 rotary vane vacuum pump, Becker, Wup
pertal, Germany) from the inlets to flush the steel containers at approxi
mately 0.35 l min− 1, to provide more robust averages and reduce errors 
associated with sequential sampling. Solenoid valves (EVT307, SMC Cor
poration, Tokyo, Japan) were actuated to sequentially sample air from 
each of the four 10-L containers according to a set schedule into both the 
inlet of a gas chromatography (GC) instrument and a LI-7000 closed-path 
infrared gas analyser (LI-COR, Lincoln, Nebraska, USA).

Concentrations of H2 were measured using an Agilent 8890 GC in
strument (Agilent, Santa Clara, California, USA) fitted with a pulsed 
discharge helium ionisation detector (GC-PDHID). Each air sample took 
approximately 4 min to analyse, thus air from each of the four storage 
containers plus one sample from a gas cylinder with a known H2 concen
tration of 534 ppb (the span standard) could be analysed on a fixed 
schedule every 30 min. Air from the different containers was simulta
neously passed through the LI-7000, switching between containers every 
3 min, and measuring concentrations of CO2 and H2O at 1 Hz. Additional 
calibration standards of known H2 concentrations (213, 448, 632 and 
898 ppb, certified to ±5% BOC special gases, UK) were used to calibrate 
data from the GC instrument every 2-4 weeks of operation. Concentrations 
were also corrected via a span-gas ratio correction based on the ratio of 
difference between measured H2 concentration against the span gas (every 
30 min). Zero and span calibrations were carried out on the LI-7000 at least 
every 3 months, with the exception of spring 2025 where no calibration 
was performed.

Fluxes of gas species (Fc) calculated by the AG method require the 
mean measured vertical concentration gradient (∂c /∂z) and an estimate 
of the turbulent diffusivity (Kc). Vertical concentration gradients of H2 
were estimated using a multi-level concentration–profile similar to that 
of Meredith et al. (2014). For each 30-min period, H2 (1 sample per inlet 
height), CO2 and H2O (using the mean of n > 300 samples per inlet 
height) concentrations were fitted to a vertical profile. Fluxes are based 
on Fick's law and the Monin–Obukhov similarity theory, with fluxes 
calculated as: 

Fc = − Kc
∂c
∂z

(Equation 2) 

Practical implementation of this equation can be simplified as the 
product of friction velocity (u∗) with the use of the von Kármán constant 
(κ = 0.41; Högström, 1996; Foken, 2006) such that: 

Fc = −
u∗ κ∂c

∂
[

ln(z − d) − φC

(
z− d

L

)] (Equation 3) 

where d is the zero plane displacement, L is the Monin–Obukhov length 
and φC is the height-integrated stability correction function, which ac
counts for the distortion of atmospheric stability or instability in the 
inertial sublayer (Panofsky, 1963; Paulson, 1970). In neutral and stable 
conditions (L > 0 m), the stability correction of (Webb, 1970) is used 
(Equation (4)). For unstable conditions (L < 0 m), the stability correc
tion of Paulson (1970) was used (Equation (5)). 

φC = − 5.2
z − d

L
(Equation 4) 

φC =2 ln
(

1 + x2

2

)

where x=
(

1 − 16
(

z − d
L

))0.25

(Equation 5) 

Wind speed at 1 m height was calculated as Equation (6). The deposi
tion velocity (Vd) describes the rate at which a gas is transferred from the 
atmosphere to a surface (e.g. soil or vegetation), and it is typically 
expressed using a resistance-in-series model where Vd is the inverse of the 
sum of the resistances (Seinfeld and Pandis, 2006). The aerodynamic 
resistance to scalar transport (Ra) was calculated using Equation (7), where 
(φh) and (φm) are the integrated stability correction functions for heat and 
momentum, respectively (Garland, 1977). The quasi-laminar boundary 
layer resistance (Rb) for hydrogen was calculated using Equation (8) where 
ν is the kinematic viscosity of air and DH2 is the molecular diffusivity of 
hydrogen in air (7.0 × 10− 5 m2 s− 1, engineeringtoolbox.com). The obser 
ved Vd was calculated as the ratio of the measured hydrogen flux to the 
ambient hydrogen concentration (Equation (9)), where FH2 is the 
AG-derived hydrogen flux (nmol m− 2 s− 1) and CH2 is the corresponding 
atmospheric hydrogen concentration (nmol m− 3). Surface resistance (Rc) 
was calculated using Equation (10). 

Fig. 1. H2 flux and meteorological measurement equipment were positioned in 
an enclosed area between two grazed grassland fields at the Easter Bush per
manent field site, Midlothian, Scotland, UK.
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U1m =
u∗

κ

[

ln
(

1 m
z0

)

− φm(1 m)

]

(Equation 6) 

Ra(1 m)=
U1m

u∗
2 −

φh(1 m) − φm(1 m)

κ u∗

(Equation 7) 

Rb =
1.45
u∗

(z0u∗

ν

)0.24
(

ν
DH2

)0.8

(Equation 8) 

Vd(1 m)= −
FH2

CH2 (1 m)
(Equation 9) 

Rc =
1

Vd(1 m)
− Ra(1 m) − Rb (Equation 10) 

2.4. Supporting eddy covariance flux measurements

An eddy covariance (EC) mast was erected also in the enclosure be
tween the North and South fields adjacent to the AG mast (2 m separation) 
(Fig. 1), to provide a reference measurement against which to assess the 
performance of the AG with fluxes of CO2 measured by both systems. 3/8″ 
ID Dekabon tubing (Synflex 1300 Tube) was attached to the mast near the 
ultrasonic anemometer (northward, eastward and vertical separation from 
the centre of the sonic of 22, 5 and − 5 cm, respectively). This 14 m inlet 
was run back along a protected conduit into a temperature-controlled 
cabin within the enclosure, where it was connected to a second LI-7000 
closed-path gas analyser (LI-COR, Lincoln, Nebraska, USA). A rotary 
vane pump (VT4.4, Becker GmbH, Hull, UK) was used to draw air through 
the inlet and instrument with a flow rate of approximately 17 l min− 1. A 
1 μm PTFE membrane air filter was fitted to the inlet of the instrument to 
prevent particulates from damaging the internal mirrors. Gas concentra
tion data (CO2 and H2O) were recorded at 10 Hz. Data from the sonic 
anemometer and LI-7000 were logged synchronously using a custom- 
made program written in LabView™ (National Instruments, TX, USA). 
Zero and span calibrations were carried out at least every 3 months with 
the exception of Spring 2025 when no calibration was performed.

Fluxes of CO2 were calculated over 30 min intervals using the 
EddyPro® software (Version 7.0.9, Li-COR, Lincoln, NE, U.S.A.), based 
on the covariance between gas concentration (χ) and vertical wind speed 
(w) (Equation (11)): 

Fχ = χʹwʹ Equation 11 

The time-lag between sonic anemometer and gas analyser were 
calculated using maximisation of covariance within a window of 0.5 to 
1.1 s over the measurement period. In the flux calculation processing, we 
applied double coordinate rotation (vertical and crosswind), spike 
removal, block averaging and outlier removal of artefact measurements. 
The high and low frequency co-spectral attenuation of the system was 
corrected using the analytical method of Moncrieff et al. (1997). Cor
rections for density fluctuations in response to changes in temperature 
and humidity were applied on a half-hourly basis using the method of 
Ibrom et al. (2007).

2.5. Quality control and data filtering

Several stages of data filtering were applied to improve the quality of 
retained AG flux data. Initial filtering was based on wind conditions for 
which data was discarded when u∗ < 0.1 m s− 1, |L| < 2 m, the variance in 
vertical wind speed > 1 m s− 1, or when wind was from the direction 
obscured either by the cabin (130 – 150◦N) or by the fence line between the 
fields (305 - 315◦N). As EC data was used to quality check AG fluxes, all 
data was discarded when CO2 flux data was flagged for removal using the 
0–1–2 quality flagging system by Mauder and Foken (2004). Where quality 
flags for sensible heat (H), momentum (τ) or CO2 flux were 2, data was 
discarded from the analysis. Plausible limits on CO2 flux at the site were 
deemed to be within − 50 to 25 μmol m− 2 s− 1. Any EC flux data beyond 

these limits was also used to discard data. A further filtering of the H2 data 
was applied based on the comparison of CO2 flux measured using the AG 
and EC methods. Periods when measured CO2 fluxes by both AG and EC 
methods differed by more than ±10 μmol m− 2 s− 1 were taken as indicative 
that conditions for AGM calculations were not ideal, thus flux data was 
discarded from the analysis. After data filtering, approximately 37.3% of 
measured H2 flux data remained.

2.6. Statistical analysis

All data analysis was carried out using the statistical software R 
(version 4.5.1) and R studio (R Core Team, 2025). Multiple regression 
models were fitted to H2 flux using lm() function in the R package “stats” (R 
Core Team, 2025) using soil temperature and moisture measurements. A 
simplified general additive model (GAM) was used to generate a model fit 
to the flux data, accounting for nonlinear responses to environmental 
variables, implemented using the “mgcv” package for R (Wood, 2017). The 
GAM was fitted to flux data using measured soil temperature (10 and 50 cm 
depth), soil moisture (10 and 50 cm depth) and hour of day. Uncertainties 
in mean data are provided as 95% confidence intervals (CIs).

To aid in understanding the H2 flux data collected during the campaign, 
a simplified uncertainty simulation was carried out to estimate the 
analytical uncertainty in fluxes calculated by the AG method based on the 
detection limit of the H2 GC-PDHID instrument (i.e. to estimate measure
ment noise). Using randomly generated data of u∗ and L data constrained 
by the measured data for which flux data passed quality controls from the 
year-long experiment (Fig. S3a and S3b), the H2 flux was simulated using 
H2 concentrations based on random noise equivalent to the measurement 
uncertainty of the instrument (H2 concentration of mean = 560 ppb, σ =±

3 ppb). Using these constrained data distributions, a simulation of 10,000 
repetitions of Equation (3) were carried out using friction velocity (u∗), 
Obukhov length (L) and H2 concentration data to establish an approxi
mation of the analytical noise of the method, essentially simulating the 
output of a range of zero flux conditions where only instrument noise and 
associated correction efforts are contributing to flux estimates. The results 
of this analysis were 95% quantiles of simulated H2 flux of ± 21 nmol m− 2 

s− 1 under stable conditions and ± 31 nmol m− 2 s− 1, under unstable con
ditions (Fig. S3c and d).

3. Results

3.1. Meteorological conditions

Seasonal variations in soil and air temperature during the measure
ment period were somewhat atypical of the site, with soil surface tem
perature ranging from a low of 2.2◦C in mid-January, to a high of 19.1◦C 
in mid-July (Fig. S4a). The average air temperature for the measurement 
period was 10.0 (sd ± 5.3)◦C, somewhat above the running average of 
8.4◦C (20+ years of data), largely due to a warmer than usual winter 
during which no significant snow or freezing events occurred and a 
comparatively warm summer; however, previous years have seen similar 
mean temperatures, with 10.2◦C recorded in 2023. Annual rainfall was 
significantly lower than normal. A total of 578 mm fell over the 410-day 
measurement period (1.1 years), less than half of the long-term annual 
average of 1040 mm (Fig. S4b). The severity of the lack of rainfall from 
March to June 2025 is rare in the region and local agricultural activities 
were affected by the dry conditions. As a result of this warm and dry 
period, soil moisture in the top 10 cm fell drastically during May 2025 
from > 60% water-filled pore space (%WFPS) to less than 25% WFPS for 
several days (Fig. S4c). Observed %WFPS at the site varies by depth, with 
higher moisture content in the top 10 cm compared with surface (5 cm) 
and deeper measurements (>20 cm depth). This is the result of the 
compaction of the clay soil near the surface, caused by mechanical rolling 
of soil before the planting of grass seed. As such, there is a layer of com
pacted soil under the initial surface layer that retains water.
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3.2. Flux measurements

A significant number of flux data points were excluded as a result of 
the quality control (QC) filters, largely due to limitations placed on u∗

and L which resulted in the filtering out of approximately 30% of 
recorded data. A further 10% were excluded based on excessive devia
tion between EC and AG methods (for quality control purposes). Overall, 
37.3% of recorded data was retained, the equivalent of 3,285 h of total 
measurement time.

Fluxes of CO2 measured using the EC and AG methods were 
compared to assess the performance of the AG system. After applying 
quality-control filters to both datasets, the two methods showed good 
agreement, with a regression slope of 0.90 and an R2 of 0.89 (Fig. S5). 
Measured fluxes from both methods follow regular diurnal patters and 
are relatively consistent throughout the year (Fig. 2), with deviation in 
June 2025 due to the combination of a grass cut causing a step change in 
fluxes and extended periods of missing data. There is a tendency for the 
AG method to slightly underestimate CO2 fluxes during early morning 
hours (6 – 9 a.m.), which may be a result of the limitations of stability 

corrections during these periods. However, the methods generally agree 
and provide confidence that conditions are suitable for H2 flux estimates 
without the need for further correction factors.

Ambient concentrations (mean of all inlet heights) of H2 varied 
throughout the year, with a mean of all data of 568 ± 36 ppb and monthly 
means peaking at 624 ± 35 ppb in June 2025, with a minimum of 
537 ± 20 ppb in September 2024 (Fig. S6a). Individual flux measurements 
(30-min intervals) of H2 measured from the North and South fields ranged 
from − 100 to 47 nmol m− 2 s− 1. The distribution of flux data was widely 
scattered, with similar patterns to analytical uncertainty simulation (less 
than 2.2% of measured data exceeded the upper limit of estimated statis
tical noise ± 31 nmol m− 2 s− 1) (Fig. 3a & b). Despite the relatively large 
noise in the 30-min flux data, there are still trends present in the flux data, 
with a statistically significant uptake when data is aggregated. The data 
distributions from the North and South fields suggest that uptake of H2 in 
the North field is greater than that of the South field with means of 
− 12.5 ± 8.7 and − 4.8 ± 10.4 nmol m− 2 s− 1, respectively. Grouping data 
by month reveals a seasonal pattern in the data, showing that uptake of H2 
increased during the spring and summer, while remaining close to zero 

Fig. 2. Comparisons of hourly CO2 flux measured using the EC and AG methods are made on a diurnal scale, splitting data by the month during which measurements 
were made. Boxplots, boxes and whiskers represent the median, 25th and 75th percentiles of data.
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during winter (Fig. 3c). This pattern is also present in deposition velocity 
(Fig. S6b). The seasonal shift in flux magnitude is stronger for the North 
field, which consistently has greater monthly uptake of H2 when compared 
to the South field.

3.3. Drivers of H2 flux

The flux of H2 at the site follows a strong seasonal trend. To explore 
the environmental controls on H2 exchange, half-hourly fluxes were 
aggregated into daily means and compared with concurrent measure
ments of soil temperature and soil moisture (%WFPS) (Fig. 4). Although 
broad relationships between H2 flux and these variables are evident 
(differing between fields) the data remain highly scattered, with indi
vidual regressions explaining little variance (maximum R2 ≈ 0.3). The 
large scatter in the flux data reflects both measurement uncertainty and 
intrinsic environmental variability, and consequently fitted relation
ships should be interpreted as describing broad tendencies rather than 
precise predictive functions. H2 uptake generally increases under warm, 
dry soil conditions and declines toward zero during cold, wet periods. 
When the data are binned by temperature and moisture, soil moisture is 
a visibly strong driver of the H2 flux, but the impact of soil temperature 
is less clear (Fig. S7). The apparent correlation with soil temperature 
largely reflects co-variation with moisture (e.g. warm, dry summers 
versus cold, wet winters), rather than a strong, independent temperature 
effect on microbial activity within the range observed at the site.

Grouping the data by month of measurement and using mean values 
reinforces the correlation between H2 flux and environmental variables 
(Fig. 5). Monthly mean flux values clarify that fluxes tend toward zero 
and H2 uptake at the site is lowest when the temperature at the field site 
is cold, and soil moisture is high. This is most visible during the winter 
when uptake in both fields is minimal (<10 nmol m− 2 s− 1). During the 
period of low rainfall in the spring and summer of 2025, the soil 

moisture content dropped significantly in the surface layers, and H2 
uptake increased drastically, with a mean flux in the North field in 
August 2025 of − 20.0 ± 9.1 nmol m− 2 s− 1 and -13.3 ± 11.2 nmol m− 2 

s− 1 in the South field in September 2025 (Fig. 5a).
A weak but consistent diurnal pattern is present in the H2 flux 

measurements for both the North and South fields (Fig. 6a). Although 
the magnitude of this pattern varies throughout the year, it persists 
across the measurement period (Fig. S9). Atmospheric H2 concentra
tions also exhibit a weak diurnal cycle (Fig. 6c); however, the timing of 
the peak in H2 concentration, which occurs later in the afternoon, is 
misaligned with the peaks in H2 flux. This is reflected in the diurnal 
cycles of the deposition velocity (Vd), Fig. 6b), with both flux and Vd 
peaking before midday. Deposition velocity provides a useful metric for 
interpreting surface–atmosphere exchange, as it represents the effi
ciency with which atmospheric H2 is transferred to the surface and is 
widely used in chemical transport and chemistry–climate models to 
parameterise dry deposition processes.

Aerodynamic resistance (Ra (1 m), Fig. 6e) showed only minor 
diurnal variability and remained small relative to other terms, while 
quasi-laminar resistance (Rb, Fig. 6f) exhibited a clear diurnal cycle 
driven by turbulence, with lower values during the daytime and higher 
values under stable night-time conditions. The surface resistance (Rc, 
Fig. 6g) dominated the total resistance and exhibited both strong diurnal 
variability and clear differences between fields. This indicates that H2 
deposition was primarily limited by surface processes rather than at
mospheric transport, such that Vd(1 m) ≈ 1/Rc.

The differences observed between the North and South fields are 
primarily associated with variations in Rc, with consistently lower 
values in the North field indicating a stronger surface sink for H2. These 
differences likely reflect contrasts in soil or vegetation properties be
tween the fields, such as soil moisture, structure, or microbial activity, 
which influence the capacity for biological H2 uptake.

Fig. 3. (a) Individual flux measurements (30-min intervals) of H2 measured from the North and South fields. (b) Density plot of H2 flux data from the North and 
South fields. (c) Monthly binned H2 flux data presented as boxplots, representing the median, 25th and 75th percentiles of data. Estimates of analytical uncertainty 
under stable (green dashed line) and unstable (purple dashed line) conditions and zero line (black dashed line) are included for comparison.
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Diurnal patterns in Rc did not closely follow temperature or turbu
lence alone, implying additional control by soil microbial processes. The 
processes driving the observed diurnal variability in H2 flux therefore 
remain unclear. The dominance of Rc implies that diurnal variation in 
flux may reflect changes either in the rate at which H2 diffuses into the 
soil (diffusion limitation) or in the rate at which soil microorganisms 
consume H2 (microbial limitation). However, environmental variables 
typically associated with microbial activity, such as soil and air tem
perature, reach their maximum values after midday, whereas the peaks 
in H2 flux and deposition velocity occur earlier in the day. Furthermore, 
no diurnal variation was observed in surface WFPS that would explain 
this trend in flux activity.

3.4. H2 flux gap-filling models

As measurement data only covers 34% of the time between August 
2024 and September 2025, gap-filling procedures are required to estimate 
a cumulative flux of H2. Four different approaches were compared that 
consolidate predictions made using 30 min or daily mean data to provide 
estimates of mean monthly flux for each field separately: the first method 
was a straight block-averaging of the monthly fluxes available for each 
field (BLOCK). This effectively means gap-filling with the arithmetic 
monthly mean flux of the available flux data without consideration that the 
conditions during the gaps may not be the same as during the good data. 
Two approaches were then compared that make use of information of the 

local meteorological data (WFPS, soil temperature and u∗), The methods 
used were a non-linear regression (NLR) and a generalised additive model 
(GAM), both of which predicted H2 flux on a 30-min basis. The final annual 
estimate was derived using the non-linear regression model predicted by 
historic flux chamber data (CH) using the parameters reported for mea
surements made at the site the previous year (using daily mean values for 
WFPS and soil temperature as reported in Cowan et al., 2025). The CH 
model was only developed for the South field from which measurements 
were made (non-linear regression parameters for NLR and CH methods 
provided in Table S1).

Direct comparison of the predictions from the different methods shows 
consistency across the methods (Fig. 7) and pairs well against the measured 
data (R2 of modelled against block averaged data (BLOCK) ranging from 
0.74 to 0.92) (Fig. S10). Based on the different methods, cumulative annual 
H2 flux estimates from the fields from the 1st of September 2024 to 1st of 
September 2025 range from − 2.61 to − 3.58 kg H2 ha− 1 for the South field, 
and − 7.35 to − 8.11 kg H2 ha− 1 for the North field (Table 1). The aggre
gated monthly and yearly estimates agree relatively well. The blocked 
averages are sometimes larger and sometimes smaller than the monthly 
fluxes gap-filled with the NLR and GAM approaches suggesting that the H2 
flux during gaps is not overall systematically different to the flux during 
periods when measurements passed all quality criteria. The reasonable 
agreement with the CH method further suggests that the flux response was 
similar between the two measurement years and that the chamber mea
surements could parameterise the full response to meteorological controls 

Fig. 4. Correlations between H2 flux and (a) soil temperature and (b) water-filled pore space (WFPS) for the North and South fields separately (daily means). Soil 
temperature and WFPS were both measured at 10 cm depth. A second-order polynomial fit (blue) is included as a visual aid (y = a1x2 + a2x+ c). Error bars represent 
the 95% CIs in the daily mean where n > 1. Plots are trimmed from − 50 to 5 nmol m− 2 s− 1. Shading represents the standard error in the fit. Presented as deposition 
velocity in Fig. S8.
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although they were only taken during daytime. By contrast, the gap-filling 
predictions vary in how well they represent diurnal activity. The CH 
method uses only daily averages of temperature and moisture variables 
and therefore cannot predict any diurnal activity in daily predictions. The 
NLR and GAM models do predict an element of diurnal activity in gap- 
filling procedures of 30-min data (Figs. S11 and S12). While the NLR 
method does not predict the diurnal pattern well, the flexible cubic spline 
method of the GAM model can incorporate the hour of day as an effective 
predicting parameter (fits a smooth curve to data by joining multiple third- 
degree polynomial segments at knots, while applying smoothing so the 
curve follows real trends without overfitting noise), thus the model pre
dicts a strong diurnal pattern that matches measurement data reasonably 
well when sufficient data is present (Fig. S12).

4. Discussion

4.1. Methodological performance of the AG approach

Deployment of the aerodynamic gradient (AG) method is technically 
demanding and subject to several practical limitations. These constraints 
are especially pronounced for AG flux measurements of H2 which is 
deposited very slowly (Vd(1 m) typically < 0.5 mm s− 1 at this site) at a 
comparably high atmospheric background concentration. This requires a 
very small relative gradient to be resolved by the analytical method. This is 
a fundamental limitation of gradient-based approaches for trace gases, 
where flux estimates rely on resolving concentration differences that are 
often close to analytical precision limits (Meredith et al., 2014; Moravek 
et al., 2014), constrained in this study by the precision of the gas chro
matography analyser (σ =±3 ppb). Because flux calculations depend on 

Fig. 5. Monthly mean data is presented for (a) H2 flux, aggregated by wind direction, (b) water-filled pore space (WFPS) in the soil at four depths, and (c) soil 
temperature at four depths. A background colour scheme is used to highlight seasonal changes.
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small differences between large background concentrations, random 
measurement error is rapidly amplified in the derived flux. In addition, the 
stability correction functions applied to account for atmospheric turbu
lence in the inertial sublayer rely on assumptions that are not always 
satisfied in the field, introducing additional sources of uncertainty. When 
these imperfect assumptions are combined with the inherently variable GC 
measurements and the exponential sensitivity of the derived vertical con
centration gradient, the resulting flux estimates can carry substantial 
random errors. As the concentration gradient of CO2 is much easier to 
resolve (higher concentrations, steeper concentration gradient and faster 
measurement method), comparisons of CO2 flux derived by the AG method 
with those calculated using eddy covariance allow for a methodological 
check on the principles of the AG method. Comparison between CO2 fluxes 
measured using both the AG and EC method agreed well, giving us confi
dence that micrometeorological conditions were adequate for the method 
to work after data filtering.

Our simplified simulation of analytical uncertainty demonstrates that 
the AG flux measurements are highly sensitive to noise in the gas 

concentration data. This sensitivity helps explain the wide scatter in in
dividual flux estimates which is difficult to mitigate without faster and/or 
more precise instrumentation. Despite these substantial uncertainties at 
the half-hourly scale, aggregating the data into daily or monthly means 
markedly reduces random noise because of the large number of mea
surements available (nominally one every 30 min, though effective 
coverage was ~30% after QC), often deriving statistically significant fluxes 
and revealing seasonal and diurnal patterns. Importantly, the gap-filling 
regression models produced consistent flux predictions, including those 
derived from independent chamber measurements collected the previous 
year (with no temporal overlap) (Cowan et al., 2025).

4.2. Environmental controls on H2 uptake

The seasonal changes we observed in H2 flux suggests that soil moisture 
exerts a stronger control on H2 uptake than soil temperature at this site. 
During winter, when WFPS was consistently high throughout the soil 
profile, uptake rates in both fields remained low despite temperatures 

Fig. 6. Arithmetic mean values of data grouped by hour of day is presented to show typical diurnal trends in (a) H2 flux, (b) H2 deposition velocity (at 1 m), (c) H2 
atmospheric concentration (at 1m), (d) Soil temperature at 5 cm depth, (e) harmonic mean of aerodynamic resistance (Ra at 1 m) of H2 flux, (f) harmonic mean of 
quasi-laminar boundary resistance (Rb) of H2 Flux, (g) harmonic mean of surface resistance (Rc) of H2 Flux and (h) air temperature at 2.5 m height. Vertical dashed 
line included at midday (12:00) as a visual aid.
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remaining within a range known to support microbial activity. In contrast, 
the pronounced increase in H2 uptake during spring and summer coincided 
with a substantial reduction in soil moisture, particularly in the upper soil 
layers where diffusion of atmospheric H2 into the soil occurs. This pattern 
is consistent with a diffusion-limited system in which increasing soil water 
content restricts the movement of atmospheric H2 through air-filled pore 
space and reduces accessibility of H2 to hydrogen-oxidising microorgan
isms. Soil temperature may still influence microbial activity, but within the 

relatively small range of temperatures observed at the site during dry 
conditions, its effect appears secondary to the strong control exerted by soil 
moisture.

The strong inter-annual agreement in flux magnitude measured and 
predicted by the AG and chamber method is encouraging and increases 
confidence that both methods captured H2 fluxes reliably at this site. The 
only other AG H2 flux dataset published to date is that of Meredith et al. 
(2014) where flux data was also aggregated to account for high random 
uncertainty. Although predictive models used for gap-filling in this study 
converged on similar conclusions, each carries specific strengths and 
limitations that should be considered. For any approach to yield reliable 
predictive models, flux measurements must span the full range of envi
ronmental conditions that will later require gap-filling (e.g. covering wet 
and dry periods, hot and cold seasons, and any other relevant extremes). 
For the AG method, achieving this coverage is relatively straightforward 
provided the system operates reliably for most of the year and wind con
ditions yield sufficient data after QC filtering. In contrast, flux-chamber 
campaigns require substantially more effort to capture rarer environ
mental conditions, often necessitating measurements during unfavourable 
weather. Chamber measurements are less affected by uncertainties in 
micrometeorological corrections but are instead vulnerable to large spatial 
and temporal heterogeneity that can be difficult to characterise, specif
ically that of diurnal activity which may bias flux estimates if not 
accounted for.

Fig. 7. Predictions of monthly mean H2 flux from modelled outputs generated using block-averaged measurement data (BLOCK), non-linear regression (NLR), a 
generalised additive model (GAM) and the utilisation of the model predicted by historic flux chamber data (CH) measured from the South field. Error bars represent 
95% CIs.

Table 1 
Annual cumulative fluxes of H2 predicted from the North and South fields by 
different parameterised models. The mean of all methods is also presented for 
each field.

Field Gap 
Filling 
Method

Cumulative H2 Flux 
Annual Total (kg 
ha− 1)

Cumulative H2 Flux 95% CI (kg 
ha− 1)

South BLOCK − 2.89 0.58
South NLR − 3.58 0.39
South GAM − 2.61 0.36
South CH − 2.91 0.19
South Mean ¡3.00 ​
North BLOCK − 7.54 0.51
North NLR − 8.11 0.27
North GAM − 7.35 0.31
North Mean ¡7.67 ​
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4.3. Diurnal and spatial variability in H2 fluxes

Due to the lack of availability of high-resolution measurement methods 
and the relatively few studies on H2 flux in literature, there is limited un
derstanding of the potential diurnal behaviour of H2 flux in soils, though 
those that have investigated typically do find diurnal patterns in mea
surements. Constant et al. (2008) and Yonemura et al. (2000) both report a 
similar diurnal pattern in H2 uptake in soils, with peaks in uptake occurring 
in the middle of the day. Yonemura et al. (2000) attribute this to the 
variation in water moisture in the field caused by evaporation, but report 
that this relationship was constrained to an extent by the leaf layer above 
the soil. Constant et al. (2008) note that the diurnal pattern observed in 
their measurements only occurs between 10 and 20◦C and do not attribute 
a specific driver to its occurrence. A diurnal pattern in H2 flux is also 
observed by Meredith et al. (2014) with the highest soil uptake of H2 
occurring during midday in warmer summer months.

The underlying mechanism of the diurnal behaviour of H2 uptake at the 
site in this study has proven difficult to determine based on the measure
ment data we have. The pattern does not appear linked to changes in 
ambient H2 concentration. Ambient concentrations of H2 varied diurnally 
and throughout the year, following an annual cycle similar to that reported 
in Forster et al. (2012) with a peak in late spring to early summer and a 
trough late summer into winter. The lack of correlation with changing 
ambient H2 concentrations and the diurnal variability in Rc (Vd) suggest 
that, at least at our site, limitations imposed by soil conditions are dictating 
variability in H2 uptake. Unlike patterns observed in other studies, where 
H2 peaks at midday, an increasing uptake of H2 is observed in the early 
hours of the morning at our site, with peaks in soil uptake occurring several 
hours before maximum soil temperatures are reached. It is unclear if this 
suggests that the pattern is driven by something other than microbial ac
tivity and possibly a real signal influenced by an additional artefact.

The reason for the large difference in H2 uptake observed between the 
fields is uncertain. Both fields are managed similarly (with occasional 
tillage/silage management rotation) and are similar in terms of soil 
structure, pH, carbon content and stocking density (Cowan et al., 2020; 
Drewer et al., 2016). Differences in air temperature and H2 concentrations 
are observable in data collected from the two predominant wind directions 
at the site (North-Easterly and South-Westerly); however, these variables 
do not explain consistent differences in measured H2 flux or deposition 
velocities across the two fields. We observe statistically significant corre
lation between H2 flux and soil moisture measured at the site, consistent 
with previous work showing that soil H2 uptake is often diffusion-limited, 
with moisture exerting a dominant control through its effect on gas 
diffusivity within the soil profile (Smith-Downey et al., 2008). However, 
the singular measurement location of soil parameters placed at the foot of 
the tower (between both fields) does not describe spatial differences. 
Despite adjacent location, similar soils and long-term management, H2 
uptake in the fields varied by more than a factor of 2. Given that micro
meteorological flux measurements integrate over a spatially variable 
footprint that shifts with atmospheric conditions (Kljun et al., 2015), dif
ferences in soil moisture or drainage within the contributing area may 
strongly influence observed fluxes. The South field sits at the bottom of a 
slope and under field drainage was damaged several years ago at the East 
side of the field during digging works. In contrast, the North field is situated 
on slightly higher ground and does not exhibit the same tendency toward 
localised waterlogging. The area near the enclosure can become boggy at 
times in the South field, more so than the North side, indicating differences 
in WFPS that will not be detected by a single measurement position. Given 
the strong sensitivity of H2 uptake to soil moisture observed in both this 
study and previous work, relatively small differences in drainage status 
across the flux footprint could produce substantial differences in H2 up
take, even between adjacent fields. The lack of spatial measurements and 
the accurate assessment of soil conditions within the flux footprint at any 
given time is a limitation when assessing flux measured via micrometeo
rological methods. Where flux is spatially variable due to spatially heter
ogenous factors such as soil moisture, predictive models are limited in 

accuracy. As variability in H2 flux at the local scale is strongly tied to the 
moisture content of the soil (which controls diffusion), we would recom
mend further efforts to pair flux footprint with more detailed soil moisture 
measurements in future studies.

4.4. Implications for future H2 flux measurements and global budgets

The mean fluxes reported from the fields, − 12.5 and − 4.8 nmol m− 2 

s− 1 for the North and South fields, respectively, compare well with the 
available literature values (Table 2). Studies carried out in urban areas 
such as Lallo et al. (2009) and Hammer and Levin (2009) report mean H2 
fluxes in the region of − 6.4 to − 19 nmol m− 2 s− 1, and mean fluxes from 
arable fields made by Baril et al. (2022) and Nagai et al. (2024) range from 
− 5 to − 10 nmol m− 2 s− 1. In our study, annual uptake of H2 in the North 
and South fields was estimated at approximately 7.9 and 3.5 kg ha− 1, 
respectively, for the measurement period between 1st September 2024 to 
1st September 2025. Although H2 fluxes clearly vary with climate, soil 
characteristics, vegetation type and microbial composition, upscaling of 
our fluxes to the Earth's terrestrial surface area can provide a sense-check of 
the results: the two field estimates scale to global totals of 44 and 
114 Mt yr− 1, which would be broadly in the range of magnitude of the 
current estimate of 54 (47-61) Mt yr− 1 (Sand et al., 2023).

Table 2 
A summary of H2 flux and deposition velocity (Vd) measurements reported in 
literature, compared with measured values in this study. Mean values and re
ported uncertainties. Where only flux or Vd is reported, missing values are 
estimated using an ambient H2 concentration of 500 ppb.

Study Soil Type Country Mean H2 Flux 
(nmol m− 2 s− 1)

Mean Vd 

(mm s− 1)

This Study Grass 
(South)

UK 
(SCO)

− 4.8 ± 10.4 0.20 ± 0.35

​ Grass 
(North)

UK 
(SCO)

− 12.5 ± 8.7 0.51 ± 0.35

Yonemura et al. 
(2000)

Arable 
Forest

JAP 
(TYO)

0 to − 19.8 
− 11 to − 17.6

0 to 0.9 
0.5 to 0.8

Rahn et al. (2002) Forest USA 
(AK)

− 2.0 to − 12.0 0.91 to 0.54

Lallo et al. (2009) Urban/ 
Forest

FIN 
(KH)

− 5.1 to − 12.1 0.23 to 0.55

Smith-Downey 
et al. (2008)

Forest USA 
(CA)

− 7.9 ± 4.2 0.63 ± 0.29

​ Desert USA 
(CA)

− 7.6 ± 5.3 0.51 ± 0.36

​ Marsh USA 
(CA)

− 7.5 ± 3.4 0.35 ± 0.13

Lallo et al. (2009) Urban Park FIN 
(Hesa)

− 10.0 ± 2.5 0.20 ± 0.05

​ Urban Park FIN 
(Hesa)

− 19.0 ± 3.5 0.38 ± 0.07

Hammer and 
Levin (2009)

Urban/ 
Agriculture

GER 
(BW)

− 6.4 ± 1.6 0.3 ± 0.07

Yver et al. (2009) Urban FRA 
(IDF)

− 5.28 ± 2.86 0.24 ± 0.13

Simmonds et al. 
(2011)

Peatland IRE 
(GAL)

− 26.5 (− 9.0 to 
− 64.5)

0.53 (0.18 – 
1.29)

Forster et al. 
(2012)

Coastal UK 
(ENG)

− 9.7 to − 2.9 0.13 to 0.44

Bartyzel et al. 
(2013)

Grass PL 
(KOM)

− 6.4 ± 3.3 0.03 ± 0.02

Meredith et al. 
(2016)

Woodland USA 
(MA)

− 3.2 ± 1.6 0.03 to 0.43

Baril et al. (2022) Arable CAN 
(QC)

− 5.9 ± 4.3 0.12 ± 0.09

Buzzard et al. 
(2022)

Desert 
(Monsoon)

USA 
(AZ)

− 1.5 to − 3.5 0.3 to 0.07

Nagai et al. 
(2024)

Arable JAP 
(JP02)

− 5 to − 10 0.1 to 0.2

Cowan et al. 
(2025)

Grass UK 
(SCO)

− 2.6 ± 0.4 0.12 ± 0.02

​ Woodland UK 
(SCO)

− 18.2 ± 1.0 0.88 ± 0.05
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Looking ahead, improving flux-measurement accuracy for H2 will 
likely depend on advances in instrumentation. If fast-response analysers 
capable of high-precision H2 measurements were used instead of GC 
systems, analytical uncertainty could be reduced dramatically. For 
example, we predict using an instrument with a precision of ~5 ppb at 
0.2 Hz resolution (e.g. Aerodyne's TILDAS H2 Monitor, Momeni et al., 
2025) would reduce the simulated uncertainty in our study from ±
31 nmol m− 2 s− 1 to ± 5 nmol m− 2 s− 1 under stable conditions. Reducing 
the cost and technical demand of such measurements in future would 
also increase the uptake of these techniques by researchers, allowing for 
the collection of more long-term measurement data (multiple years) and 
the capture of extreme weather events. Such improvements would 
represent a major step forward for micrometeorological approaches 
such as the AG method.

5. Conclusions

This study provides only the second continuous, year-long aero
dynamic gradient (AG) measurement of H2 fluxes, and the first over a 
temperate grassland. Despite the inherent challenges of the AG tech
nique, the method successfully captured the dominant patterns in soil H2 
uptake at the site. Measurements demonstrated that soil moisture was 
the primary control of microbial uptake of H2, with periods of high soil 
water content sharply suppressing uptake, while warm, dry conditions 
enhanced it, consistent with diffusion-limited microbial consumption of 
atmospheric H2. The successful year-long deployment demonstrates that 
continuous ecosystem-scale monitoring of H2 is both feasible and 
informative, highlighting the value of micrometeorological approaches 
for improving our understanding of the soil H2 sink.
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