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THE CHALLENGE 
Global human activities cause increases of the 
atmospheric concentrations of several long-lived 
greenhouse gases, including methane (CH4) and 
nitrous oxide (N2O). The possible future  transition to 
a ‘hydrogen economy’ is expected to lead to increases 
in atmospheric molecular hydrogen (H2)  and 
reductions of fossil fuel burning emissions with 
consequent changes in ozone (O3) and CH4. In order 
to find optimal abatement strategies for CH4 and N2O, 
more knowledge is needed about their sources and 
sinks, the causes of trends and variability, and the 
feedbacks involving land-biosphere processes. For 
instance the current inter-annual variations in CH4 are 
badly understood. 

 
PROJECT OBJECTIVES 
1) Improve the process modelling of the land-
biosphere-atmosphere exchange of the HYMN gases 
(H2, CH4, N2O) and to provide estimates of sources and 
sinks 
2) Contribute to global monitoring by providing multi-
year global satellite data sets of CH4 and CO 
distributions and long-term time series of CH4 and N2O 
at multiple stations 
3) Provide advice on optimization of monitoring 
networks 
4) Quantify atmospheric loss of CH4 and H2 and the 
impact of changing anthropogenic and natural 
emissions on OH trends and on current and future CH4 
and H2 levels 
5) Quantify how the possible future change to a 
hydrogen economy will affect H2, CH4 and O3 
6) Evaluate simulations with a coupled atmospheric 
chemistry-biosphere model for CH4, N2O and H2 by 
comparison to ground based and satellite observations 
7) Make new estimates of the sources and sinks of CH4 
and H2, including their temporal and spatial variability. 
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METHODOLOGY 
HYMN combined several observational and modelling 
approaches to advance the understanding and 
description of processes affecting the observed life 
cycles, trends and variability of CH4, N2O and H2: 
- Both satellite based (SCIAMACHY, IASI) and ground-
based (FTIR) observational techniques have been 
improved, harmonised and applied to obtain long-
term time series. These observations have been 
evaluated against each other and against sensitivity 
simulations with 3 global atmospheric chemistry 
models. Detailed error statistics of the observations 
and models have been determined for application in 
e.g. emission inversions. 
- HYMN has provided improved the coupling of land-
biosphere processes to European atmospheric 
chemistry models. Amongst others, new 
parameterisations of the natural fluxes of CH4, N2O, 
H2 and other trace gases between the surface and the 
atmosphere were developed and applied in a dynamic 
vegetation model and in three chemistry-transport 
models. 
- Inversion techniques to derive emissions from the 
improved models systems and observational time 
series have been (further) developed and applied over 
multiple years. 
-  The effects of a possible future transfer to a 
hydrogen economy and  the associated reduction in 
fossil fuel burning emissions have been calculated 
with one of the models. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

MAIN RESULTS  
Improved methane emissions for the years 2003-2005 
were derived using surface and SCIAMACHY satellite 
observations. The distribution of natural methane 
emissions and its temporal variability over the last two 
decades could be constrained: high-latitude peatland 
emissions were found to be smaller than expected; the 
present-day fossil contribution to anthropogenic 
methane is also smaller than thought previously, but 
the biogenic contribution (from ruminants and waste) is 
larger. 
First robust estimates of the uptake of hydrogen by soils 
over the period 1991-2004 were made. For nitrous 
oxide the present-day terrestrial natural emission 
distribution was found to be strongly linked to CO2 
emissions by vegetation and soils.  
Variations in the atmospheric lifetime of methane over 
the last 20 years could be explained in terms of climate 
variations and human impacts via CO and NOX 
emissions. A small but significant negative trend in 
methane lifetime remained. 
The impact on greenhouse gas concentrations of a 
transition to a hydrogen economy in Europe was found 
to be small for a realistic future scenario. 
It was found that methane emission reductions have as 
important co-benefit that tropospheric ozone is 
mitigated at the same time, which provides important 
input for choices on greenhouse gas mitigation policies. 
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