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InGOS – Integrated non-CO2 Observing System

1. N2O Chamber intercomparison campaign 2014 

Mark Lee, SRUC, Hestan House, The Crichton, Dumfries, DG1 4TA, UK.
E: mark.lee@sruc.ac.uk, T: +44 (0)7500 107457. 

Proposed visiting dates: 8th -11th July 2014.

Local organizers: Janne Korhonen; Mari Pihlatie; Jukka Pumpanen; Mika Korkiakoski, Mari Rämö and Elisa Halmeenmäki. 

Campaign dates: 16th June - 30th July 2014.
 
Location: Warm machinery hall, Hyytiälä Forestry field station, Juupajoki, Finland.
Instrumentation: N2O lasers and calibration tank. 

2. Background

a. Significance of the research

Chamber measurements are associated with systematic and random errors. The major error sources are systematic and random error of the estimation of the flux based single chamber measurement and the error associated by the large spatial variability of the soil flux and the low spatial coverage of the measurements. Systematic errors of CO2 chambers have been quantified by Pumpanen et al. (2004) and systematic errors of static CH4 by Pihlatie et al. (2013) and Christiansen et al. (2011). In this study, we aim to gain more knowledge on the errors, and also provide methods to control them. Until recently, soil N2O fluxes have been measured based on static chambers and analyzing air samples on a gas chromatograph (CG). Detecting small changes of N2O concentration is difficult with a CG, and thus in many cases, the analysis of gas concentrations has been the largest source of error in soil N2O flux estimations. Recently N2O LASER instrumentation has become available soil N2O flux measurement, and has practically eliminated this problem of random error when estimating the flux for a single chamber. However it must be noted that the N2O LASER instrumentation is currently relatively expensive, and thus only few research groups currently have N2O laser instrumentation. The random error of soil N2O efflux associated with high spatial variability cannot be solved by N2O LASER instrumentation. Low-cost methods for estimating the soil N2O efflux from various spatial locations would be a solution for this problem. One option would be to sample the N2O concentration in the soil airspace periodically, and estimate the flux based on this. While this method is probably not very accurate, it could give information about the range and variability of the flux. If the systematic errors of this method are small, the random errors can be got rid of by large number of samples. One purpose of this study is to evaluate the possibilities of using the information of soil N2O concentration for estimating soil N2O efflux. The same principles could be used for other compounds, such as CO2 and CH4 as well. Systematic errors related to estimating the flux for a single chamber. Another option is to support the N2O laser measurements by measuring spatial variability of the N2O soil flux based on manual chamber measurements. Such a measurement is laborious if systematic errors are to be avoided. However, if the amount of systematic error is known, it can be corrected. We also want to study this, and in conjunction with soil N2O concentration measurements, a low-cost method for eliminating the uncertainty caused by high spatial variability could be developed. Like in the case of spatial variability, N2O laser instrumentation cannot alone solve the problems of systematic errors of estimating the soil N2O flux from a single chamber. These errors are in general similar for other compounds, such as CO2 and CH4 as well. For CO2 and CH4 many kinds of systematic errors are reported. Typically these errors are related to pressure changes inside the chamber, effects of wind speed, or leaking of the chamber. The chamber measurements require the assumption that the soil gas storage under the chamber does not change, and the pressure and wind effects are violating this assumption. In an ideal case, the gas flux during the enclosure saturates, an exponential function is fitted to the gas concentration data against time, and the flux is calculated in the beginning of the enclosure using the fitted parameters of the exponential function. However, if gas is accumulating in the soil, the rate of change of gas concentration in the chamber headspace is too low in the beginning, causing erroneous curvature for the exponential function. This naturally leads to underestimation of the flux. If the case is the opposite, for example is the fan is ventilating the chamber headspace too efficiently, then using exponential fit causes overestimation to the flux. In this study, we want to find out how much the storage change can change the flux estimation, how to identify this in data analysis, and how to correct the flux for the storage effect. In addition, in this study we will measure the leaking of the chambers.

b. Previous research relevant to the topic and how the proposed project links to this

My colleague Stephanie Jones from SRUC (previously SAC) attended Hyytiälä Forestry field station in previous years. Stephanie contributed our chambers and methodology as part of a CH4 chamber intercomparison campaign. This work has been published recently as Pihlatie et al. (2013).

c. Links with current research of the applicant

I am currently working on the GREENHOUSE project (www.greenhouse-gases.org.uk/greenhouse). Here, we are using chambers, eddy covariance towers and aircraft to measure greenhouse gas emissions over a two year period, across different scales and at different locations whilst quantifying the effects of weather and management (e.g. grazing and fertilisation). It would be interesting to compare our chamber methodology in intensively managed grassland with those that are used by our project partners who are using different methodologies in different ecosystems e.g. arable and forests. This will help us to understand some of the methodological drivers of inter-site variation in N2O fluxes.


3. Objectives

To evaluate the importance of storage effects to the systematic error of the flux estimate driven by disturbance in installing the chamber (Christiansen et al. 2011), wind (pressure effects, effect on chamber and soil airspace volume, heating  and venting tubes (Xu et al. 2006). We will be calculating transport coefficient during the enclosure period (see also Lai et al. (2012) and calculating the transport coefficient for the end of the measurement (Korhonen et al. 2013). We will evaluate the methods of extrapolating the flux to undisturbed flux by extrapolating to t0, extrapolating to ambient concentration and extrapolating using the knowledge of transport coefficient and soil concentration, when known (Korhonen et al 2013). We will compare the ways of estimating the saturation of the flux during chamber measurement by measuring time transport coefficient from exponential fit (aka time constant), calculating transport coefficient based on soil porosity and calculating transport coefficient based on soil and air concentrations and flux rate continuously (Korhonen et al. 2013). We will also test if it makes sense to use linear fit for flux estimation, and correcting the systematic error (Korhonen et al. 2010).
4. Methods and materials (legal and ethical issues)

Control flux is measured based on the concentration change inside the tank and chamber flux is measured based on the concentration change inside the chamber. One chamber per time in measurement, because control flux is equal to flux from sandbed plus chamber flux (both fluxes weighed by surface area, typically chamber covers only about 20% of the pumpeli surface area). This allows measuring gas concentration below the chamber, in addition to outside the chamber in sand bed. The sand depth can be adjusted (with the new calibration tank). Gas concentration inside the Pumpeli (calibration tank) does not affect the systematic error of the flux estimation. This is according to theory, and also verified by Pihlatie et al. (2013). In last campaign (Pihlatie et al., 2013) a lot of time was used by changing the flux level and waiting the system to stabilize. We do not need several “flux levels”, but good to have some replicate measurements. The reference flux and gas concentration in the chamber decrease with time. The concentration in the sand bed must be stabilized between the measurements. Stabilization time must be checked from the sand concentration data. The time depends on sand depth. It would be nice to have different soil (sand) types. In last campaign (Pihlatie et al., 2013) a lot of time was used by changing the sand, especially to fine and wet sand. The differences of the transport coefficients between the sands were small and so we can change the depth of the sand to change the transport coefficient. There will be 3 replicates at 3 wind speeds using 3 sand height totally 27 measurements per chamber.

Schedule:
· Tuesday: Day of the arrival and set-up
· Wednesday-Thursday: 2 days for the basic measurements
· Friday: Final tests and departure 
· Visit in total 4 days (3.5 working days).

5. Implementaton: timetable, budget, distribution of work

Typical daily timetable:-
DAY1 - Wednesday (Thursday equal to Wednesday except different sand depth), Friday = additional tests.
SD = sand depth, SD05 = 5 cm, SD10 = 10 cm, SD15 = 15 cm, SD20 = 20 cm 
WS = wind speed, WS0 = 0 m/s, WS5 = 5 m/s
· Previous evening: Preparation of the sand for sand depth (SD) 1, injection of gases to the chamber. Installation of chamber collars. Over-night measurement of chamber leaking (letting the chamber concentration go to steady state). In the middle of the night, fans start and/or chamber is replaced.
· 07:00-07:15 Removal of chambers.
· 7:15-7:30 Injection of gases
· 07:30-08:45 Breakfast, stabilization of the calibration tank.
· 08:45-10:15: SD20, WS0: Chamber(s) : 3 replicate measurements 15min measurement  + 15min stabilization = 1,5h. 
· 10:15-11:45 SD20, WS5: Chamber (s): 3 replicate measurements 15min measurement  + 15min stabilization = 1,5h. 
· 11:45-12:15 Lunch
· 12:15-13:45 SD20, WS0: Chamber(s) : 3 replicate measurements 15min measurement  + 15min stabilization = 1,5h. 
· 13:45-14:00 Coffee break
· 14:15-15:45 SD20, WS5: Chamber (s): 3 replicate measurements 15min measurement  + 15min stabilization = 1,5h. 
· 15:45-17:15 SD20, WS?/ADDITIONAL TESTS: Chamber (s): 3 replicate measurements 15min stabilization + 15min measurement = 1,5h. If someone wants to sample chamber headspace with syringes to be analyzed at their own institutes by GC, this can be done here.
· 18:00-19:45 Changing sand bed, preparations for next day


Estimated budget:-

Return air fare (Manchester – Helsinki) - EUR250
Return train fare (Helsinki – Hyytiala) - EUR150
Total travel = EUR400

Accommodation/food - 4 x EUR50 
Total Accommodation/food = EUR200

Total = EUR600

6. Expected results and possible risks

a. Expected scientific impact of the research: more accurate measurements of N2O fluxes, improved quantification of the errors between methodologies and recommendations of improvements to existing chamber methodologies to improve flux estimates.
b. Global application.
c. It is expected that there will be at least one research paper on N2O inter-comparison as per Pihlatie et al. (2013). 
d. Data is available to all participants
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