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1. Purpose of the visit
The aim of the project was to compare the H2 soil fluxes obtained by two different soil chamber measurement setups:

- (1) the IMAU-ECN automatic soil chamber system, which has been running continuously at the Cabauw tall tower site since several months;
- (2) the AGH Krakow soil chamber system, which had been previously shown to give realistic results for fluxes.
2. Description of the work carried out during the visit

H2 flux measurements were performed in parallel with the two setups during a one week campaign, between 5 and 10.09.2011. 

The IMAU-ECN soil chamber was installed in a fixed position and the measurements were performed as usual. The chamber is located near the Cabauw tower, in a parcel which is used for various measurements, not fertilized and not grazed. The chamber has two bases inserted into the soil, and a lid switching between them every 40 min. Air from the soil chamber is sampled automatically every 4 min and measured in-situ by a Peak Performer (PP1) gas chromatograph. 
The AGH soil chamber has two bases that could be installed in the soil at two different locations. One of these bases was installed inside the IMAU-ECN soil chamber, for direct comparison of the results. The other AGH soil chamber base was installed on an adjacent field which is normally used for grazing sheep. Air from the chamber was sampled with syringes, and measured with a PP1 gas chromatograph with manual injection. For each soil flux determination, air was sampled after closing the chamber at 5 or 10 min intervals, at least three times.  For each sampling, two syringes were filled with air. Thus, each determination of soil flux necessitated at least 6 gas chromatographic measurements. 
The AGH system included calibration gases which are linked to the international H2 calibration scale MPI-2009. The IMAU-ECN system uses two calibration gases from IMAU, which at the time of this campaign were not linked to the MPI-2009 scale. Thus an important part of this experiment consisted in measuring with both instruments samples from the same gas cylinders, in order to make sure that the flux result can be later compared. 
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Fig. 1. Satellite view of the Cabauw tall tower and surroundings. 

A – location of IMAU-ECN soil chamber, and one of the AGH sampling locations

B – AGH sampling location in the adjacent field that is used as pasture
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Fig. 2. IMAU-ECN soil chamber (above), and the AGH soil chamber installed inside the IMAU-ECN one (below). 
3. Description of the main results obtained

A total of 8 soil flux estimations were considered good from the measurements performed with the AGH system, at different locations with different soil parameters and plant patterns. These results are summarized in Table 1. 
Table.1. Results of the AGH hydrogen flux measurements obtained during the campaign at Cabauw. 
	Date
	Site
	Description
	Ambient air H2 concentration (ppb)
	H2 flux  (μmol*m-2*h-1)
(stdev)

	7.09
	A
	Clover high
	530.2
	1.40 (0.18)

	8.09
	A
	Clover short
	534.7
	4.07 (0.20)

	8.09
	A
	Clover short, very wet
	529.9
	2.30 (0.19)

	9.09
	A
	Clover short, very wet
	551.7
	2.80 (0.078)

	7.09
	B
	grass
	535.5 
	-7.2 (1.7)

	8.09
	B
	Grass wet
	532.6
	-5.05 (0.48)

	8.09
	B
	Grass wet
	529.7
	-5.22 (0.92)

	8.09
	C
	Grass
	522.2
	-6,2 (1.7)


Unfortunately the weather was extremely bad during this particular period, and did not allow performing more measurements. The recorded soil moisture was high, 45 – 85%, and reached the level of 99% occasionally. After several days of heavy rain, the field was partly flooded and in the last day the IMAU-ECN soil chamber was flooded and had to be relocated. 

The hydrogen fluxes were overall much smaller than normal, due to the high soil moisture and possibly influenced by the low temperatures as well (see Fig. 3). 
At one measurement site positive flux (H2 emission) of hydrogen was connected with a large proportion of clover in the vegetation. The measurements taken from the adjacent field (covered only with grass, no clover) showed negative H2 fluxes. The soil is at this latitude, overall, a large sink of H2, thus negative fluxes are expected. H2 can however be emitted during N2 fixation by bacteria associated with legumes (clover is a legume) and this is likely the explanation for the positive H2 fluxes observed in areas with clover present. 
The intercomparison using high pressure air cylinders revealed that the mole fraction value assigned to one of the IMAU was wrong by about 200 ppb (this was confirmed by later tests at IMAU). This lead to a factor of 2.1 between the mole fraction differences, and between the fluxes computed with the two measurements. The IMAU results showed in what follows have been (preliminarily) corrected for this with a factor of 2.1. The final results will be available after the IMAU system is brought to the MPI-2009 calibration scale, and corrected for non-linearity. 
Figure 4 shows the H2 fluxes resulted from the two measurement systems. The measurements that are directly comparable (the AGH soil chamber installed inside the IMAU-ECN soil chamber) are shown in red lines and dots. The results of the AGH chamber are slightly lower, but this is not a strong conclusion yet, since the IMAU results are preliminary. However part of this difference could be due to the different soil coverage of the two chambers. 
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Fig. 3. The whole series of soil chamber measurements at Cabauw with the automatic IMAU-ECN chamber. The “box 1” and “box 2” labels sow the two bases which are covered alternately by the same lid. Unfortunately the weather in the week planned for the visit was the worst in the whole period of soil chamber measurements at Cabauw. The heavy rain and cold weather made the work difficult, but also lead to very small fluxes as can be observed in the figure. The IMAU-ECN soil chamber was completely flooded on 9-Sep and had to be relocated; the green and black dots show measurements at the new location. 
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Fig. 4. Comparison of fluxes calculated from the different chamber measurements. The IMAU data are calculated on the IMAU H2 scale (not updated to MPI-2009 scale). The AGH – pos 1 chamber was located inside the IMAU-box1 – pos 1 chamber (red line), thus these are the only measurements directly comparable.  The AGH measurements made on the adjacent pasture field (AGH pos 2 and AGH pos 3) showed always significant H2 uptake.  

Figures 3 and 4 reveal also the large spatial variability of H2 soil fluxes at Cabauw. The distance between the two IMAU-ECN soil chamber bases (“box 1” and “ box 2”) is about 80 cm, and the distance between the two locations where the IMAU-ECN soil chamber was installed (pos 1 and pos 2) is of about 4 m. Over these distances the fluxes already varied considerably, or even changed from emission to uptake (Fig. 3). The measurements taken in the adjacent – pasture field (AGH pos 2 and pos 3 in Fig. 4), although at larger distance from each other, showed similar results. This spatial variability makes it difficult to upscale the soil chamber results, but it could in principle provide an opportunity for process studies.  
4. Future collaboration with host institution
The IMAU calibration gases were not linked to the MPI-2009 calibration scale at the time of this campaign. Thus some additional work needs to be done for the calibration of the IMAU-ECN measurements, in order to get the final results of this comparison. At the time of writing this report some progress has been already made on this. 
We consider this campaign was a good start, although the conditions were difficult.  If the IMAU-ECN automatic soil chamber measurements will be continued in 2012, we are considering continuing the campaign during spring or summer 2012. Also, we hope to have more collaboration opportunities in the future, since both the AGH and IMAU groups involved are interested in atmospheric H2.  
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