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Figure 2.1 Agricultural fields are clear examples of diffuse source systems. 
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Chapter 2 Introduction 

2.1 Aim of this thesis 

After the introduction of diffuse sources and the trace gas components that are the sub-
ject of this thesis, this chapter will explain which environmental issues require the 
knowledge that is obtained through the type of measurements that feature in this the-
sis. The trace gasses that are subject to the case studies are documented and the 
various source types are discussed. Finally the measurement methods that can be 
used to evaluate several combinations of source type and gas species are discussed.  
 

2.2 Diffuse emission sources 

This thesis discusses the progress in quantification of diffuse sources for the emissions 
of trace gasses into the atmosphere. The term diffuse source is used to distinguish 
from sources that do have well defined outlets, like for example chimneys or ventila-
tors. In general, for those sources, a flow and concentration measurement can be used 
to evaluate the net source strength. However, when there are many outlets from one 
source or when there are multiple sources within a certain area that whole area can be 
considered as a diffuse source as well. So the definition used is: 
 
Diffuse sources emit gas without a well defined outlet. 
Diffuse sources include: 

• Soils, either natural, agricultural of industrial (landfills), 

• Groups of sources within a confined area (farm with multiple animal houses, ma-
nure storages or industrial plants with a large number of point sources, 

• Regions, a group of farms; farms and industries, households; urban areas. 
 

2.3 Trace gas focus 

The atmosphere has three main components, nitrogen, oxygen and water. Next to 
these there is a whole suite of less abundant trace gasses. Trace gasses are defined 
as those gases that make up less than 1% of the atmosphere.  In spite of the low con-
centrations in which these gasses occur they play several leading roles in different en-
vironmental issues, including climate change and air pollution. In this thesis work is 
presented for a subset of the relevant trace gasses: Carbon dioxide (CO2), Methane 
(CH4) and Nitrous oxide (N2O) as the main greenhouse gasses with significant contri-
butions from diffuse sources. For air pollution, ammonia (NH3) is featuring as the impor-
tant trace gas from diffuse agricultural sources.  
 
This thesis focuses on emission from diffuse sources of CO2, CH4, N2O and NH3. 
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2.3.1 Sources and emissions of Carbon dioxide (CO2) 

The main net source of CO2 emitted to the atmosphere is fossil fuel burning. The natu-
ral exchange of CO2 between the atmosphere and ecosystems is bi-directional. Photo-
synthetic uptake of CO2 from the atmosphere occurs in presence of sunlight by plants 
and algae. Meanwhile respiration of CO2 occurs continuously through decay of organic 
material from the soil or litter. During the night the plants themselves also respire part 
of the CO2 that was stored during daytime (Winegardner, 1995). The CO2 exchange 
between ecosystems and atmosphere therefore almost always shows a significant di-
urnal pattern that might be superimposed on a more continuous net emission from de-
composing soil material. The amplitude of the diurnal pattern of uptake and plant respi-
ration is a function of the amount of plants available (leaf area index, LAI) whereas the 
soil emission is a function of available organic material and its composition. Increasing 
temperatures in general lead to increased decomposition. Apart from temperature, hu-
midity, rainfall and water (table) management will also influence decomposition the 
process.  
 
The Dutch National emission inventory report (NIR) provides both the annual emission 
levels and the trend in the emission since 1990. In spite of the emission reduction poli-
cies for CO2, the emission of the main greenhouse gas increased since 1990 as shown 
in the graph below (NIR, Maas et al., 2009). Emissions are split up in the most impor-
tant sectors, as defined by IPCC (IPPC AR4).  According to the NIR 2008, the trend in 
total national CO2 emissions shows an increase in the period 1990–2006 with 8% (from 
159.4 to 172.2 Tg CO2/y).This number is not including the impact of land use, land use 
change and forestry (LULUCF). The Energy sector is by far the largest contributor to 
CO2 emissions in the Netherlands (36%), with the categories 1A1 ‘Energy industries’ 
(36%) and 1A4 ‘Other Sectors’ (22%) as largest contributors in 2006. 
 

 
Figure 2.2 CO2 emissions in the Netherlands (Maas et al., 2009). 
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2.3.2 Sources and emissions of Methane (CH4) 

Methane is produced when carbohydrates, organic material, are exposed to anaerobic 
conditions (no oxygen available). Temperature increase in general speeds up CH4 for-
mation and water is the main driver to get the anaerobic conditions. CH4 uptake in soils 
occurs as well through methane consuming bacteria (Winegardner, 1995; Hendriks 
2009). In general, in the Netherlands this uptake is small compared to the emission 
levels. Under temperate conditions large CH4 emissions occur from enteric fermenta-
tion, in particular from ruminant animals, and from anaerobic storage of manures. 
There are however, also other sources of methane on livestock farms, such as ditches 
and feed storage. 
 
Within Europe the Netherlands have the highest emission density for methane of about 
around 16 ton CH4 per km-2 per year (www.Compendiumvoordeleefomgeving.nl, 2009). 
The most relevant anthropogenic emissions originate from ruminants (with dairy cows 
as the most important category in the Netherlands) and landfills. Landfill emission esti-
mates have gone down with a factor 3 between 1990 and 2010 due to a shift from land-
filling to recycling and incineration (Maas et al., 2009). Although dairy numbers have 
decreased by 20 % since 1990 the emission reported for enteric fermentation has only 
decreased by 12% due to changes in animal diet (Bannink et al., 2011).  
 
Methane leakage also occurs from oil and gas exploration and domestic or industrial 
use. Landfills, herds of cows or farm sites with multiple sources in a confined area are 
all clear examples of diffuse sources. Industrial installations will in theory have well de-
fined gas exhausts. But when a complex industrial installation has multiple outlets and 
possible leaking on various places this too can be considered to be a diffuse source.  
In total, 90% of all CH4 emissions in the Netherlands originate from diffuse source sys-
tems. According to the NIR 2008, the national CH4 emissions decreased by 36%, from 
1,211 Gg in 1990 to 775 Gg in 2006 (25.4 to 16.3 Tg CO2 -eq.). The Agriculture and 
Waste sector (54 % and 36%) are the largest contributors in 2006. Compared to 2005, 
national CH4 emissions dropped by 3% in 2006 (-0.7 Tg CO2 -eq.), due to the further 
decrease of CH4 emissions mainly in category 6A: ‘Solid waste disposal on land’. 
 

 
Figure 2.3 CH4 emissions in the Netherlands (Maas et al., 2009). 
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2.3.3 Sources and emissions of Nitrous oxide (N2O) 

Nitrous oxide is primarily emitted through agricultural activities and industrial processes 
such as fertilizer production and fuel combustion. Changes in land use such as switch-
ing from a forest to arable or grassland also affect N2O emissions. Natural emitters of 
nitrous oxide such as forests, aquifers, rivers and estuaries are enhanced by nitrogen 
leaking and deposition. For N2O about half of the emissions originate from diffuse agri-
cultural sources. Nitrous oxide emissions occur from all parts of the agricultural nitro-
gen cycle (Mosier et al., 1998), and there are many different diffuse sources of N2O on 
livestock farms. Industrial N2O is used in hospitals as anaesthetic, in discos as a party 
drug and in racing cars (Hensen, 2000a). The production of fertilizer is the main source 
of N2O from industry. Transportation also is a source of N2O, produced in the three way 
catalytic converters used in cars that are installed to reduce the emission of NOx to the 
atmosphere.  

 
On the third place as a contributor to anthropogenically-enhanced greenhouse effect, 
N2O also plays an important role in the nitrogen cycle where it has a strong link with 
emissions of NH3 (see below). The implementation of new legislation for manure 
spreading around 2004 has had a negative effect on the amount of N2O emitted. Above 
ground spreading of manure is forbidden on grassfields but, in order to reduce NH3 
emissions, manure has to be either incorporated into the soil (injection) or applied di-
rectly on the surface (trailing hose/shoe techniques). Doing so more N becomes avail-
able for the soil microbes that produce N2O as an intermediate product in nitrification 
and denitrification processes (Wrage et al., 2001). The term indirect N2O emission is 
used for those emissions of N2O that occur in ditches, rivers, lakes and seas or in ter-
restrial systems either due to NO3 and NH4 runoff into the aquatic systems or due to 
NH3 and NOx deposition. 
 
According to the NIR 2008, the total national inventory of N2O emissions decreased by 
about 15%,from 64.3 Gg in 1990 to 54.7 Gg in 2006 (from 19.9 to 16.9 Tg CO2-eq.). 
Sectors contributing the most to this decrease in N2O emissions are sectors ‘Agricul-
ture’ (–18%) and ‘Industrial Processes’ (–13%). During the same period N2O emissions 
from fossil fuel combustion increased. This latter trend can be largely explained by in-
creased emissions from Transport. Compared to 2005, the total N2O emissions de-
creased by 1% in 2006 (-0.2 Tg CO2-eq.). 
 

 
Figure 2.4 N2O emissions in the Netherlands (Maas et al., 2009).  
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2.3.4 Sources and emissions of Ammonia (NH3) 

Agricultural activities and more specific decomposition and volatisation of animal 
wastes are the main source of NH3. In manure, dissolved ammonia (NH3) and ammo-
nium (NH4

+) are in equilibrium. When manure is exposed to ambient air ammonia can 
escape and available ammonium will provide new ammonia. The volatisation process 
depends on pH of the manure, temperature and of course on the structure of the ma-
nure. Excreta left by grazing animals in a field, or manure that is spread are definitely 
diffuse source systems. There are some point sources for NH3 like forced ventilated 
barns for pigs of poultry and some industrial sources. Housing systems with natural 
ventilation however also behave as diffuse source systems. Emissions from catalytic 
converters in traffic can be considered to be diffuse as well.  
 
According to NIR 2008, the NH3 emissions decreased by about 46%, from 250 Gg in 
1990 to 135 Gg in 2007. The main decrease occurs in the episode 2000-2004 after 
which the decrease stops. The emission reduction measures for manure application in 
agriculture are the main cause of this decrease. A further reduction of the national 
emission level was related to the decrease of livestock. (Milieucompendium, 2008)   
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Figure 2.5 NH3 emissions in the Netherlands (NIR, 2008). 
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2.4 Impacts of the emissions 

Ammonia and the three greenhouse gasses have major sources in terrestrial and/or 
aquatic ecosystems besides those from industrial and fossil fuel related emissions. 
These gasses fulfil a prominent role in the N and C cycles. Anthropogenic activities 
have direct and indirect effects on these cycles. For the C cycle, this disturbance is 
relatively straightforward, in essence it comes down to the addition of extra CO2 or CO2 
equivalent emissions into the atmosphere from fossil fuel use and deforestation. CO2 
plays an important role in climate change (IPCC, AR4). 
 
The disturbance of the N cycle is more difficult with the large set of interacting N-trace 
gas species. Almost all nitrogen is available in the atmosphere as non-reactive nitrogen 
gas (N2). Only about 0.1% is nitrous oxide (N2O) (Wallace and Hobbes, 2006) and an 
even smaller fraction is filled with a suite of reactive trace gas species, including NH3 
and NOx. All the non N2-gasses, are being termed “reactive nitrogen” (Nr) (Galloway et 
al., 2003, 2008). The global cycling of that reactive nitrogen is estimated to have more 
than doubled, (Vitousek 1997, Galloway 2004) where the perturbation of the C cycle is 
about 10%. The two cycles interact, additional input of nitrogen in the N cycle leads to 
more C uptake and changes in landuse also lead to changes in the carbon exchange. 
The carbon cycle is strongly linked with climate change, the nitrogen cycle features 
both in air pollution and in the climate issue. 
 
Diffuse source systems and the climate change issue 
The majority of the anthropogenic emissions of the most important greenhouse gas, 
CO2 originate from relatively well defined (fossil fuel) point sources (chimneys or ex-
hausts). However, diffuse sources that emit CO2 or CH4 and N2O in the Netherlands 
are estimated to contribute about 20% of the total GHG emission in kg CO2 equivalents 
(Milieubalans, 2009) to the atmosphere.  
 
The CO2 exchange between the atmosphere and diffuse source systems is highly rele-
vant to climate. According to Janssens et al. (2003), Europe’s terrestrial biosphere cap-
tures the equivalent of 7 to 12% of anthropogenic carbon emissions each year. When 
separated into uptake and emission fluxes these are of the same order of magnitude as 
the fossil fuel contributions. Furthermore, these CO2 exchange fluxes are expected to 
change both with changing management and with changing climate conditions. The po-
tential changes in the net CO2 exchange will be reflected in changes in agricultural pro-
ductivity and thus have implications for food security. 
   
Still the net contribution of different ecosystems is hard to quantify. Regarding CO2 it is 
hard to quantify the anthropogenic net effect on top of the large amounts of CO2 that 
leave and enter the atmosphere in the “undisturbed C cycle”. However, in the Nether-
lands, forest are expected to be a net GHG sink (e.g., Dolman et al., 2002), grasslands 
a minor sink (Soussana et al., 2007), arable land a source (Moors et al., 2010). Due to 
past drainage in Dutch fen meadow areas, these peat soil ecosystems have been a 
strong net source of carbon dioxide over a long period with increased peat oxidation as 
the primary source (Dirks & Goudriaan 1994; Langeveld et al. 1997). Peat oxidation 
can be reduced and fen meadows can be turned into sinks of CO2 if water levels are 
increased as suggested from literature from mostly more natural (i.e. less exploited) fen 
ecosystems (Burgerhart, 2001). The total GHG emission reduction through the in-
crease of water levels could be of considerable magnitude (5 – 15 Tg CO2 equivalent 
ha-1 yr-1). This is similar to the carbon gain that can be achieved in (re-) growing tem-
perate forests (4 – 11 Tg equivalent CO2 ha-1 yr-1), (Dolman et al. 2002).  
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Methane emission reduction options are considered to be an attractive short term op-
tion to avoid climate change. The lifetime of CH4 in the atmosphere (estimated to be 
about 20 years, IPCC, AR4) is relatively short as compared to those of CO2 and N2O. 
Emission reduction measures therefore will be reflected in atmospheric concentration 
changes within decades after implementation. For CO2 and N2O the time lag between 
emission reduction implementation and atmospheric response is more in the order of a 
century or more (IPCC, AR4). Another good reason to capture methane that would 
otherwise escape into the atmosphere is that methane is a fuel. Burning a kg of meth-
ane and converting it to CO2 (2.2 kg) reduces the net GHG contribution by a factor of 8. 
Landfills play a prominent role here because at landfills methane extraction and use is 
relatively easy.  
 
Enhanced fertilization in deforested areas increases the N2O emission from soils. This 
is strongly linked to the important development of a rising worldwide demand for bio-
mass. Bio fuel and biomass should replace a significant percentage of fossil fuel use in 
the decades to come. The changes in use of agricultural and set aside areas and the 
potential loss of natural area will however feed back into the C and N cycle. In a paper 
by Crutzen et al. (2007) it is suggested that the net gain of biomass/biofuel use in terms 
of avoided fossil fuel carbon emissions could suffer severely from enhanced CO2 
equivalent emissions related to N2O escaping into the atmosphere (see below). Extra 
fertilizer use and changed soil management both lead to these higher N2O emissions. 
 
NH3 plays an indirect role in climate change. In the atmosphere, part of the NH3 reacts 

to form ammonium nitrate and ammonium sulphate aerosol (IPPC, 2001, 2007). These 
constituents play an important role in cloud formation and in direct backscattering of 
sunlight, thus leading to a cooling effect. (Ten Brink 1996; Veefkind, 1996). A point of 
discussion is to what extent ammonia emissions and subsequent deposition, for exam-
ple to forests, might enhance C uptake in ecosystems that normally do not receive fer-
tilizer. (Magnani et al., 2007; De Vries et al., 2009) 
 
Diffuse source systems and air pollution  
The most prominent role in air pollution from diffuse sources is played by NH3. Most of 
the NH3 comes from diffuse source systems. In the Netherlands, 88% of all NH3 emis-
sions originate from diffuse agricultural systems (Milieubalans, 2009). In the EU 27 this 
value is a staggering 93% (EMEP, 2009) After emission and transport NH3 will be de-
posited to the surface where it can lead to acidification, eutrophication of natural eco-
systems and loss of biodiversity (Galloway 1998, Erisman et al., 2008). 
 
The average N deposition level in the Netherlands related to both NH3 and NOx emis-
sions adds up to about 30-40 kgN/ha/year (Milieubalans, 2009). This is considered to 
be too high in vulnerable ecosystems, leading to loss of biodiversity and loss of other 
ecosystem services (Wamelink et al., 2008) 
 
CO2 CH4 and N2O are not considered air pollutants that have an adverse effect on 
health. However, both CH4 and N2O can play a role affecting the ozone (O3) concentra-
tion, thus connecting climate change and air pollution. Emitted CH4 has an indirect air 
pollution effect since it can lead to higher tropospheric ozone concentrations through 
removal of the OH radical (Hansen et al., 2000; Fiore et al. 2008). The O3 formed acts 
both as a greenhouse gas and as an air pollutant. N2O also interacts with O3 but this 
occurs in the stratosphere. Elevated N2O levels lead to O3 destruction and therefore 
contribute to the Ozone Hole (Crutzen, 1970).  
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2.5 Uncertainties in greenhouse gas and ammonia emissions 

The uncertainty in the national emission budget for the Netherlands is illustrated in Ta-
bles 2.1 and 2.2. These tables are copied from the national emission inventory report 
(Maas et al. 2009). The first table 2.1 shows that the uncertainty in the emissions of 
methane and N2O are significantly higher as compared to those of CO2 (when the 
LULUFC contribution is ignored). For CO2 the national emission level is dominated by 
the relatively well constrained contributions from fossil fuel combustion. The table 
shows there are still significant uncertainties in the emissions of CH4 and N2O.  
 
Table 2.2 shows the top ten sources (excluding LULUCF) contributing most to the an-
nual uncertainty in 2008 after ranking the sources according to their calculated contri-
bution to the uncertainty in the total national emissions (using the column ‘Combined 
uncertainty as a percentage of the national emissions in 2008 in table A7.1 (from Maas 
et al. 2009) It also provides an estimate of the contribution to the total uncertainty in the 
national emission estimate for the Netherlands. Six out of the top ten of uncertainty 
contributors are in fact diffuse sources. Most of these are linked with agriculture. The 
most important one is the N2O emission from nitrogen use in agriculture. But also 
emission from manure management, enteric fermentation (cows) and landfills have 
significant uncertainties. 
 
Table 2.1 Uncertainty of the total annual emissions (excl. LULUCF)  

(from Maas et al.  2009) 
 
CO2 

3% HFCs 50% 

CH4 25% PFCs 50% 
N2O 60% SF6 50% 
Total GHG   5% 
 
 

Table 2.2 Top ten sources contributing to total annual uncertainty in 2008 
IPCC 
category 

Category Gas Combined uncertainty as a 
percentage of the total national 
emission in 2008 

4D3 Indirect N2O emissions from nitrogen use in 
agriculture  

N2O 3.18% 
*)
 

4D1 Direct N2O emissions from agricultural soils N2O 1.4% 
1A4a Stationary combustion: Other sectors commer-

cial/Institutional gases 
CO2 1.1% 

6A1 Emissions from solid waste disposal sites CH4 0.8% 
4B1 Emissions from manure management: cattle CH4 0.7% 
1A1b Stationary combustion: Petroleum Refining: 

liquids 
CO2 0.6% 

4B8 Emissions from manure management : swine CH4 0.5% 
1A3b Mobile combustion : road vehicles: diesel oil CO2 0.5% 
4A! CH4 emissions from enteric fermentation in 

domestic livestock: cattle 
CH4 0.4% 

4B Emissions from manure management N2O 0.4% 

 

2.5.1 Uncertainties in CO2 emissions 

In the national inventories, the contribution of diffuse systems (LULUCF = landuse, land 
use change and forestry) were left out of the GHG budget calculations for quite some 
time (see the graph in 2.2.1). The contributions of landuse, land use change and for-
estry were reported for the first time in 2003. At that time it only covered the sink in for-
ests. In 2005 all LULUCF categories were included for the first time in the inventory 
with a net source as result. As stated in the previous paragraph, a proper assessment 
of the net effect of the large bi-directional exchange is the main source of uncertainty 
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for the CO2 budget. Dolman et al., 2008, provide a comprehensive overview of all as-
pects of getting an overview of the greenhouse gas balance on the European scale.  
 

2.5.2 Uncertainties in CH4 emissions 

Emissions of methane from landfills have a high uncertainty. Both commercial recovery 
projects and the national emission calculations rely on first order kinetic equation mod-
els to predict CH4 generation at landfills (Scheepers and van Zanten, 1994; Coops et 
al., 1995; Blaha et al., 1999) Inputs to these models are waste inputs, climate vari-
ables, and other factors. For individual landfills the uncertainty in the gas production 
and emission estimates is also a problem. According to the European Pollutant Re-
lease and Transfer Register (E-PRTR) (CEC, 2006), large landfills have to report their 
CH4 emissions. But substantial differences in methane emission estimates of different 
models that are allowed were demonstrated by Scharff et al. (2006) and Ogor (2005). 
The highest estimates obtained with the models can be five to seven times higher than 
the lowest estimates. These variations are unacceptable for E-PRTR reporting pur-
poses. At the international level, the uncertainty in landfill CH4 production and subse-
quent emission can safely be assumed to be higher, as compared with the Dutch situa-
tion. Several landfill operators in the Netherlands have reasonable to good inventories 
of what was landfilled. These data is lacking in a lot of countries. Bogner and Matthews 
(2003) therefore propose a proxy for landfill gas emissions that is based on population 
and energy consumption data.   
Emissions from ruminants are affected by their diet, bodyweight and milk production. 
(Kirchgessner et al.,1995) Problem is that emission measurements are always carried 
out on small groups of animals after which extrapolation to the whole herd of 4 million 
animals (in the case of dairy cows in the Netherlands) is needed (Van Amstel, 2003; 
Corre 2002). Significant differences between management at individual farms and in-
cluding dietary differences introduce the large uncertainty in the upscaling to a national 
level. (Veen, 2000)  
 
Natural methane sources are wetlands, ditches, lakes and soils. Anthropogenic impact 
on these systems has however modified these emissions but it is difficult to quantify to 
what extend this has happened. The emissions from industrial processes, transport 
and oil and gas treatment are believed to be small (Maas et al., 2009). 

 

2.5.3 Uncertainties in N2O emissions 

The contribution of N2O from fertilized agricultural fields to the total GHG balance for 
the Netherlands still has an uncertainty in the order of 50% (Maas et al. 2009). Table 
2.3 shows the EU budget and its uncertainties (Freibauer, 2008). The reasons for the 
high uncertainty levels are the large spatial variability of the emission over a field. In 
particular grazed field with urine patches show a hudge spatial variability in the emis-
sion. Furthermore the temporal structure of the emission pattern is complicated. Sig-
nificant peaks in the emission can typically occur between 0 and about 14 days after 
fertilising, often triggered by rain. This emission “scheme”, in combination with the 
measurement methods available, leads to uncertain emission estimates for the meas-
ured field. On top of that, extra uncertainty will be added in the process of upscaling to 
a national level. This upscaling has to rely on the representativity of a limited set of 
measured fields for other similar fields.  Reviews of the spatial and temporal variability 
are found in Freibauer and Kaltschmitt (2003) Smith et al. (1998) or Velthof et al, 
(1996). Emissions from waste water treatment facilities are unknown but believed to be 
small and emissions from industrial processes are believed to be accurately known. 
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Table 2.3 EU Estimated budget of anthropogenic N2O for the European Commu-
nity Emissions are derived from the national communications and uncertainties. Table 
copied from Freibauer (2008) 

Eu-27 in 2005 N2O Emission Uncertainty 

 Gg  year
-1

 Gg  year
-1

 % 

Agricultural soils, “natural background”  
(Bouwman, 1996) 

EU-27: 200  
EU-15: 130 

160 
104 

80 

Anthropogenic N2O emissions from national communications 

Soils anthropogenic total EU-27: 499   
EU-15: 346 

400 
277 

80 

Agricultural soils direct 267 214 80 

Agricultural soils indirect 169 135 80 

Manure management 60 45 75 

LULUCF 5 4 80 

Industrial processes 128 13 10 

Transport 52 26 50 

Other energy 74 22 30 

Waste 27 27 100 

Other sources 9 9 100 

Anthropogenic N2O (Gg N year
−1

) EU-27: 861 
EU-15: 687 

551 
440 

64 
64 

Anthropogenic N2O in EU-27 (Tg Ceq 
year

−1
) 

91 58  

Soilborne N2O emissions in EU-15 from models 

Agricultural soils in EU-15 442
a
 116

a
 26 

Forest soils in EU-15 78–87
b
   

Soil N2O emissions in EU-15  525   

LULUCF Land-Use, Land-Use Change and Forestry 
a
Freibauer (2003) 

b
Kesik et al. (2005) 

 
 

2.5.4 Uncertainty in NH3 emissions 

Beusen et al. (2008) performed an analysis of the global NH3 emission from agricultural 
activities and assigned uncertainty for different parts of the budget calculation. Table 
2.4 shows a copy of the table from their article. The animal stocks are the most certain 
part of the budget calculations with 10% uncertainty worldwide. The highest uncertainty 
is assigned to the emission factors for NH3 from fields and housing systems both with a 
50% uncertainty range. For the Netherlands the total uncertainty in the NH3 emission 
level is estimated to be about 17% (in 2000, Milieubalans 2009, PBL)  
 
The preceding paragraphs show that there are still significant uncertainties in diffuse 
source emission levels. And that the emission levels are substantial enough to try and 
improve that situation. Parts of the uncertainties are linked to shortcomings in available 
measurement techniques or methods. Another reason is that measurements are usu-
ally done only at a subset of the sources in a source category. Both are reason enough 
to elaborate on what measurement techniques are available in the next part of this 
chapter.  
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Table 2.4 This table, adapted from Beusen et al. (2008) shows the typical uncer-
tainties used in a modelling uncertainty analysis. The table shows se-
lected parameters with the method and assumption for the uncertainty 
analysis. 

 
Parameter description  Method

a
  R

a
 

Animal stocks A 0.10 
N fertilizer use  A 0.10 
Maximum manure application rate A 0.25 
Excretion in pastoral systems  0.25 
Fraction NH3 volatilization from grazing animals in 
mixed and landless systems 

A 0.5 

Fraction NH3 volatilization from grazing animals in 
pastoral systems 

A 0.5 

Fraction NH3 volatilization from housing and storage in mixed 
and landless systems 

A 0.5 

Fraction NH3 volatilization from housing and storage in pastoral 
systems 

A 0.5 

Fraction production in mixed and landless systems B 0.25 
Fraction grazing in mixed and landless systems B 0.25 
Fraction grazing in pastoral systems B 0.25 
Fraction manure ending outside the agricultural system in mixed 
and landless systems 

B 0.25 

Fraction manure ending outside the agricultural system in pas-
toral systems 

B 0.25 

Fraction stored manure applied to grassland in mixed 
and landless systems 

B 0.25 

Fraction stored manure applied to grassland in pastoral systems B 0.25 
a
 A, the range around the default value X is calculated as [(1.0–R)_X, 

(1.0+R)_X]; B, the range around the default value X is calculated as 
[max(0.0,(X_R)), min(1.0,(X+R))] (in Beusen et al. 2008)  

 

2.6 Measurement techniques  

2.6.1 Emission measurement strategies for diffuse sources 

There is a wide range of potential measurement strategies that can be used to meas-
ure the concentrations and emission levels. This section provides an overview of the 
available techniques relevant to this thesis. In essence, a measurement strategy cov-
ers a combination of one or more sensors that provide data on the concentration level 
for a trace gas and a method to translate these data into flux data. As for sensors, the 
gas chromatographic technique, infra red detection and wet chemical sample analyses 
are relevant for this thesis.  
 
The methods section describes box measurements, micro meteorological techniques, 
like eddy covariance and relaxed eddy accumulation, gradient and mass balance tech-
nique and plume measurements.  
 
Finally there is the scheme to decide when and where to carry out measurements. 
Sometimes models or parameterizations are needed to translate the measurement into 
emissions. Models are also essential tools to upscale emissions to spatial scales that 
extend beyond the footprint of the measurements themselves. 
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2.6.2 Sensors 

2.6.2.1 Gas Chromatography.  

A Gas Chromatograph (GC) system uses the molecular properties of the gas species 
to split a sample into the different components. Conceptually all GC’s inject a few ml air 
sample at one side of a tube (column) with a small diameter and use a detector at the 
other end of the tube. Different gas species will have different travelling times through 
the tube depending for example on molecular size or dipole behaviour. Different delay 
times can be used to split the mixed gas sample into its individual components, the 
concentration of which can then be evaluated with the detectors. The detector shows 
the gasses for which it is sensitive as a set of subsequent peaks. For ambient concen-
tration levels of greenhouse gasses two detectors are used, the flame ionisation detec-
tor (FID) for methane and other hydrocarbons is in fact sensitive for the number of C 
atoms that can be oxidized. The electron capture detector (ECD) is used for CO2 and 
N2O. The ECD detects molecules that have an affinity with free electrons. For our ap-
plications a single GC measurement generally lasts for about 6 minutes. In order to in-
crease the sensitivity a number of subsequent analyses can be done. Regular (every 
30 minutes) calibration of the system is required to enable corrections for system drift. 
A proper GC system with a skilled operator can measure CH4 concentrations in the 
near background conditions at about 2000 ppb range with an accuracy of 0.2 ppb max 
and 310 ppb N2O with a 0.2 ppb accuracy.  
 

 
Figure 2.6 Gas Chromatography (GC-FID & ECD systems at Cabauw).   
 

2.6.2.2 Infra red techniques  

There are different infrared detection (IR) techniques available at present. In fact all 
these options use the greenhouse gas effect on a small scale. An infrared light source 
sends a beam into a confined space with the sample gas. When this sample contains 
gasses have absorption bands in the infrared (H2O, CO2, CH4, N2O and NH3) a part of 
the light send out is absorbed and does not reach the detector. An increased loss indi-
cates a higher concentration level.  
 
 
 



  29 

Sampling 
The sample gas can either be pumped into a measurement cell where the IR beam is 
illuminating the sample or the IR beam can be used in the outside air. We refer to 
closed path and open path systems for the two respective methods. In this thesis only 
closed path measurement systems were used. The main reason to choose these sys-
tems is that calibration can be done more frequently (i.e. on a daily basis).  
 
IR source & detector  
The IR source can either be a broadband thermal system or a laser with a specified 
wavelength. A broadband system generally uses interference filters to select a wave-
length band where the gas of interest has absorption lines. Fourier transform infra red 
spectrometry (FTIR) uses a broadband IR source and makes a scan though the spec-
trum.  A laser-based system can be tuned to a unique absorption line of a specific trace 
gas. Tuneable diode laser (TDL), Quantum cascade laser spectrometers (QCL) and 
cavity ringdown systems (CRD) all use the latter whereas the NDIR (Licor 6262, Sie-
mens Ultramat 5 and the opto acoustic B&K1403/Innova) systems use broadband IR 
sources. Opto acoustic systems can also be combined with a laser source.  
 

 
Figure 2.7 Different IR systems. Left non dispersive infra red monitor, (Licor 7000), 

right Quantum Cascade Laser spectrometer (ARI) for CH4, N2O and, 
NH3 with in-field alignment tool. 

 

2.6.2.3 Wet chemical techniques 

Measurement of NH3 is a lot more difficult compared with measurement of CH4, N2O 
and CO2. The gas is highly reactive and adheres to surfaces easily, with a Henry coef-
ficient well over 104, adsorption into small water layers on sampling lines is a big prob-
lem for non-open path optical systems. Ammonia is lost at high concentration levels 
and reemitted from water and surface when the concentration level decreases. (Neftel 
et al., 2011). This is visible as a significant damping (variations are smoothed out) and 
tailing when concentration changes occur. Inlet filters can hardly be used for this rea-
son, which is a problem for optical systems that have dust-sensitive mirrors. Virtual im-
pactors, heated inlet lines and high sample flows can reduce the problems for closed 
path systems but these make the measurement setups bulky and power intensive. The 
disadvantage of NH3 is turned into an advantage when using wet chemical techniques. 
Several types of denuder systems were developed over the last decades, and they all 
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rely on the absorbance of NH3 into water where it is in equilibrium with OH- and NH4
+

. At 
ECN the rotating wet annular denuder (AMANDA) was developed and deployed exten-
sively in the 90’s. (Wyers et al., 1993). These systems were further improved and 
adapted for gradient measurements. Typical sensitivity of the wet chemical systems is 
about 0.05 µg/m3 which is sufficient to resolve gradients over ecosystems for both 
emission and deposition studies. (For example Milford et al., 2009) 
 
In spite of this, the optical systems are becoming more popular because of their user 
friendliness. Furthermore the wet chemical systems are unable to provide the 10 Hz 
resolutions in the concentration reading that are required to enable eddy covariance 
studies (see below). Trebs et al., (2004) give an overview of sensor systems available 
for NH3 and other reactive gasses and aerosols. 
 

 
Figure 2.8 Airrmonia wet chemical NH3 monitor. 
 

2.6.3 Measurement methods 

2.6.3.1 Box measurement method 

Putting a box upside down on an emitting area and measuring how the concentration in 
the box in- or decreases. That is in essence the box or chamber measurement tech-
nique. Box type measurements have the main advantage that the concentration signal 
is amplified significantly so that smaller fluxes can be evaluated with a given, low in-
strumental precision. The sensors used for chamber measurements also need not to 
be fast response sensors. GC systems and opto-acoustical instruments (Innova/BK) 
are used everywhere for all three greenhouse gas species. The advantage of box 
measurements is that a single m2 of the ecosystem can be studied without interference 
from other sources. The measured flux level can be linked to other on the spot data like 
soil temperature, nitrate availability, water table depth or pH which facilitates the devel-
opment of process models. Box measurements do have a problem covering the fast 
temporal and spatial inhomogenity of, for example, N2O emissions from a grazed field 
(Flechard et al., 2007) or CH4 emissions from landfills (Bogner et al., 1997; Spokas et 
al., 2003). Manual chamber studies have are in danger of missing main peak events 
after rain, for example for N2O, because the experimentalists are not in the field on a 
particular day. Furthermore many datasets with box measurements are underestimat-
ing the emission level because a linear increase in the concentration in the box is as-
sumed after closure. As discussed in a number of recent papers, (Kroon et al., 2008, 
Kutzbach et al., 2007) this underestimation might be in the order of 20-40%. In spite of 
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the uncertainty in the emissions measured with this technique the box measurements 
are still widely used and underlying the emission factors used for N2O from soils. A 
good reason for this is that the box technique amplifies the concentration signal related 
to the flux. This is needed since until recently the N2O sensors were not sensitive 
enough to use other methods like the once described below. 
 
Automated box systems (for example Smith & Dobbie, 2001) that are in the field con-
tinuously can solve part of the problem but in general these systems only have a lim-
ited spatial coverage (a limited number of automated chambers on a field). These limi-
tations and the problem that interpretation of the box measurements can be underesti-
mating by 20-40% when assuming that the concentration will increase in a linear way, 
is underlying part of the large uncertainty both in direct and indirect in N2O emissions 
as listed in the table shown in table 2.2. 
 

560
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560560

0 40  minuten

30 cm
 

Figure 2.9 Box measurement methods, measure the increasing (or decreasing) 
concentration inside a box, preferably a number of times after closing 
the box. 
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Figure 2.10 Two box measurement setups used. The fast box measurement setup 

(left using the TDL as a sensor, and right the automatic chamber that al-
ternates between two positions and is connected to a GC. 
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Figure 2.11 Box measurement setups for N2O and CH4 at various experiments. 

Above (left to right), N2O emission from manured grassland on a peat 
soil (Reeuwijk), emission measurements on a potato field, Automatic box 
measurements on a grassfield at Cabauw. Below: Farm yard manure, 
dung heap Dronten, Ditch, Lelystad.  

In Chapter 7 of this thesis the combination of the box measurement technique with the 
fast response TDL is described (see fig 2.10). The advantage of using the 10 Hz in-
struments for this application is that, in general, only about 20 seconds to a minute per 
flux measurement is required. With this method, a high temporal resolution of the emis-
sion landscape can be obtained (see figure 2.11).  
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Example of chamber measurements at landfills 
In the Netherlands chamber measurements are used to evaluate the emission level at 
specific parts of the landfill. An example of box measurements is shown below at the 
Braambergen landfill near Almere. Here a methane oxidation system was applied on a 
part of the landfill. The plot shows the emission pattern in space derived from fast box 
measurement. An emission level for this part was derived by classification of the cover 
soil in different areas (bars soil, dense vegetation, cracked soil etc.) and using a 
weighted average of the emission measurements taking into account this classification. 
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Figure 2.11 The Braambergen landfill (top left) and the air injection 
system in the topsoil of the landfill that alternates between pumping out 
gas and injecting air (oxygen) to optimise oxidation in the cover soil. 
Photo top right the fast response box measurement system, (see figure 
2.10). Below: result of fast box measurement system. Most of the meas-
urements were carried out on the slope that had the Smell well system 
implemented (orange part). Some measurements were done on top of 
the landfill (green part). The size of the circle indicates the emission 
level. 
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2.6.3.2 Eddy covariance  

Eddies in the atmosphere transport air up and down and thereby mix high concentra-
tion air from nearby the source with background air (e.g.Stull, 1988). The up and down 
movement of turbulent eddies is monitored using ultra sonic anemometry. This tech-
nique uses the travel time of ultra sonic signals between three sets of emit-
ters/transceivers to compose the 3D wind vector at frequencies of 20-100 Hz. Above a 
field a combination of the vertical wind speed data with the sonic and the concentration 
measures or samples close by this wind sensor will show a positive correlation when 
the field is emitting gas and a anti-correlation when an uptake occurs. The eddy covari-
ance (EC) method relies on the possibility to measure rapid changes in the concentra-
tion at frequencies up to at least 1 but preferably 10 Hz. Fast response sensors are 
available for H2O and CO2 now for almost two decades. After fierce debates in the 80’s 
on the comparison of box and atmospheric measurement techniques, now almost all 
ecosystem research teams are using CO2 EC measurements for hectare scale ex-
change measurements. For CH4 and N2O this discussion is still ongoing, and the box 
measurements are still the reference technique. This is mainly due to the fact that 
available CH4 and N2O flux measurement systems (for example TDL’s) are wonderful 
machines but very complicated to use as compared to the CO2 /H2O sensors. Over the 
last 5 years this is rapidly changing with more turnkey cavity ringdown systems and 
with the switch from TDL to the much more stable QCL techniques. For NH3 EC sys-
tems are available as well, based on QCL, opto-acoustic and proton transfer mass 
spectrometry (PTRMS) but the main problem for these systems is the inlet as already 
discussed in the NH3 paragraph above.  
 

 
Figure 2.12 Eddy covariance measurements at Zegveld over a manured field 

Overviews of the EC technique are provided in Baldocchi (2003), or Aubinet et al., 
(2000). There are numerous papers on EC applications for CO2. Examples of meas-
urements for CH4 and N2O with TDLs are described in Verma et al. (1992), Hargreaves 
et al. (2001), Kormann et al. (2001), or Laville et al. (1997). QCL experiments and a 
discussion on uncertainties in CH4 and N2O EC measurements can be found in Kroon 
et al. (2007, 2010). 
 
For methane, Hendriks et al. (2008) presented the first data for an off axis integrated 
cavity output instrument in a peat system, Smeets at al. (2009), used the same instru-
ment over a forest. EC measurements are also performed over landfills (Hovde 1995, 
Laurila et al., 2005). N2O EC measurements have been mainly carried out in agricul-
tural soil ecosystems (for example Wienhold et al., 1994; Laville et al., 1997; Neftel et 
al., 2009; Kroon et al., 2007), and forest soil ecosystems (Pihlatie et al., 2005; Eugster 
et al., 2007) Shaw et al. (1998), Famulari et al. (2004) and Whitehead et al. (2008) 
have reported eddy covariance measurements of NH3 fluxes 
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2.6.3.3 The relaxed eddy accumulation method 

The relaxed eddy accumulation technique is the “cheap version” of the eddy correlation 
technique. These sensors are expensive and not available for all trace gas species. 
Here the Relaxed Eddy accumulation method provides a way out. This technique uses 
the same sonic anemometer that can measure the vertical windspeed for the EC 
measurement but samples the up and down drafts into two separate sampling lines. 
Gasbags can be used to collect 30 minute averaged up and down going air when CO2, 
CH4, N2O or other non reactive gasses are concerned (see chapter 3). For NH3 a wet 
chemical sensor or trap can be used. (See chapter 4). 

2.6.3.4 Mass balance method 

Similar to the gradient technique, this method uses concentration measurements ver-
sus height, in combination with the vertical windspeed gradient. But instead of using 
the flux gradient parameterization as well, the mass balance method simply calculates 
u*c for all heights and integrates this. (Fowler & Duyzer, 1987; Denmead et al. 1998) 
This method is applied for finite sources that only stretch out about 4-5 times the height 
of the measurement tower in the upwind direction. This method is the bridge between 
the micrometeorological techniques and the plume measurements that relies on advec-
tion as well. The method is underlying the emission factors for NH3 emissions from ma-
nure and CH4 emission from landfills in the Netherlands. (Coops et al., 1995; Oonk & 
Boom, 1995; Huijsmans et al., 2001, 2003). Scharff et al., (2003) report on CH4 emis-
sion measurements at four landfills using this technique as well as the dynamic and 
stationary plume measurement technique described below.  
 

2.6.3.5 Gradient method  

This technique uses atmospheric stability depended parameterizations to convert verti-
cal gradients of the concentration measured above an ecosystem into fluxes. In chap-
ter 4 the REA measurements are compared with gradient measurements. The aerody-
namic gradient technique uses measurements at different heights in the atmosphere to 
determine the vertical gradients of temperature, windspeed and the trace gas concen-
tration. These gradients are related to the degree of turbulence of the atmosphere.   
The trace gas concentration gradient is further determined by the exchange that occurs 
between the vegetation and the atmosphere. In a very turbulent atmosphere (due to 
strong winds or convection during sunny days) the lower part of the atmosphere is well 
mixed and the gradients will be small. In a very stable atmosphere with hardly any tur-
bulence (for example during nights with low wind speed) the differences between the 
measurement heights will be much larger. A detailed description of this can be found in 
Stull (1988) or Fowler & Duyzer (1989). This method is still the reference method for 
NH3 deposition measurements over fields and forests (for example Milford et al., 2009, 
Mosquera et al., 2001).  For methane, Judd et al. (1999) used a flux-gradient technique 
to measure CH4 emissions from grazing sheep.  Denmead et al. (2000) used this me-
thod to measure emissions from grazed areas several km2 in extent.  
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Figure 2.13 Seasonal variation and net annual emission of CO2 from peat meadow 

area in the Netherlands derived from CO2 gradient measurements at 
Cabauw (Hensen et al., 1997) 

 

2.6.3.6 Plume measurements method 

Sources that have a complex spatial distribution of the source strength within a con-
fined area can be evaluated with plume measurement techniques. This technique 
evaluates the concentration plume that originates at the source and is transported with 
the wind (Czepiel et al., 1996, 2003, Tregoures et al. 1999). At a transect crossing the 
wind direction the concentration is measured. (See fig 2.14). Meteorological data (wind 
speed, wind direction, turbulence) and a transport model are used to calculate the 
emission level. 
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The plume method can either be executed using a mobile measurement system (dy-
namic plume measurements, DPM), or using an array of stationary measurement sys-
tems or samplers (static plume measurement, SPM). In both cases an atmospheric 
transport model is used to evaluate the source strength within site meteorological data 
(windspeed and winddirection) as additional input. If possible a tracer will be released 
from within the source area, either to enable a dual tracer measurement or to calibrate 
the transport model. 

WindWind

 
Figure 2.14 Plume method, a mobile measurement system detects the gas plume 

that originated from a particular source. Typical distances, depending on 
the source strength between measurement transect and plume is in the 
range 50m to 2 km. 

When the spatial distribution of a tracer source can be made “sufficiently” similar to the 
source distribution of the actual source, the dispersion function in both the equation for 
the tracer and for the source are equal. The limitation of this method lies in the term 
“sufficiently similar”. If the tracer only originates from a particular place within the 
source other parts of that source, not in the vicinity of the tracer might experience dif-
ferent dispersion effects. This problem decreases when the distance between source 
and measurement transect increases. The atmospheric dispersion model can help to 
provide a correction for a non-ideal tracer source distribution on the site. 
 
The plume technique can evaluate the emission for integrated diffuse sources where 
the micrometeorological techniques cannot be applied. Landfills are a perfect example 
for this. With hills and slopes the variation in the source strength easily shows a factor 
10^4 difference in fluxdata when sampling with a chamber method. EC and gradient 
measurements cannot deal with the steep slopes and patchy structure of the emission 
from different compartments within a landfill and most landfills are so big that the mass 
balance method will need a mast that well over 50 m high. Drawback of the plume 
technique is that meteorological circumstances and logistics (availability of a meas-
urement transect in a specific wind direction) dictate when measurement can or cannot 
take place the wind direction. Plume measurements are covered in chapters 5, 6 and 7. 
These case studies subsequently cover landfill measurements; measurements of NH3 
plumes at a farm and methane emission measurements from farm sites.  
 
Plume experiments for landfills are described in Czepiel et al., (1996a and 1996b), Sa-
vanne et al., (1997), Galle et al., (2001), Scharff et al., (2003, 2009),  For NH3 experi-
ment are discussed in Berkhout (2008),    
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2.7 Trace gas challenges 

The main complexity of emission evaluation of these sources lies in the spatial and 
temporal variability of the emission within the source area. The research questions are 
similar for different source types. Examples are grasslands (Flechard et al., 2007), full 
farm evaluations (Flesh et al., 2007) or landfills, (Bogner et al., 2003). Somehow emis-
sion measurements have to aggregate the emission of various sub sources in the 
source area and provide a representative value for the total emission. Each of the trace 
gas components has its own specific challenges when emission measurements are 
concerned: 
 
CO2 measurements. 
Difficulties 

• For CO2 the main challenge is to separate the effect from the targeted source from 
the effect of other sources on the measured concentration or flux level. However, 
the signal from a source is in general a small perturbation on top of this high back-
ground value.  

• Also, in ecosystems net annual uptake or emission estimates are the result of 
much larger amounts of CO2 that are either taken up or emitted in a seasonal and 
diurnal pattern. Even if the uncertainty in these two big terms might be relatively 
small, the effect on the net exchange is still significant.  

• When CO2 uptake measurements are carried out above vegetation the measure-
ment technique should preferably not affect the available solar radiation to that 
vegetation. This almost rules out chamber measurement techniques for this appli-
cation. 

 
Advantages 

• With the currently available instrumentations, CO2 concentrations in the atmos-
phere are relatively easy to measure at a background level that usually varies in 
the range 380-500 ppm. 

• CO2 is inert, although solution in water can occur, but samples can be stored in 
gasbags. Soil respiration measurements can be carried out with chamber tech-
niques.  

 
CH4 measurements. 
Challenges 

• The CH4 concentration level in the atmosphere is a factor 300 lower as compared 
to CO2. This implies that more sensitive (and thus more expensive) sensors are 
required.  

• Variability in time: CH4 is formed in anaerobic conditions i.e. in the soil, below wa-
ter, within a manure or compost heap or inside a landfill. Although this production 
is normally rather constant (with a modulation through temperature and water 
availability) the actual emission at the surface–atmosphere interface occurs both 
diffusion controlled and in bubbles.  

• System disturbance: On wetlands and peat areas a scientist placing a measure-
ment chamber, animals or farm vehicles can cause vibration of the soil, thereby 
triggering the release of methane bubbles that have accumulated in the soil or un-
der sediment in a ditch. 

• Variability in space: On landfills emissions occurs through preferential channels, 
i.e. cracks in the landfill body. This leads to an enormous spatial variability of the 
emission pattern over the landfill area. Changing atmospheric pressure can trigger 
or reduce out gassing. 
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Advantages 

• In general the changes in the concentration level are relatively large compared to 
the background level. Background values in the air are in the range 1.8-5 ppm and 
near sources (landfills, cows, manure etc, concentration levels can easily be 10-
100 ppm. 

• CH4 emissions are significantly more abundant than the sparse sites with signifi-
cant CH4 oxidation, which makes the process evaluation easier as compared with 
CO2. Both chamber and micrometeorological techniques can be used.  

• CH4 is inert and samples can be stored in gasbags if needed. 
 
N2O measurements. 
Challenges 

• N2O has the same drawback as CO2 with a large background concentration on top 
of which the relevant concentration variations are to be detected. But the concen-
tration level is a factor 1000 lower compared with CO2. For these low concentration 
levels, affordable and reliable techniques are still lacking. Due to this, most studies 
rely on chamber measurement techniques.  

• Variability in time: Emission levels in ecosystems in general consist of very low 
background emissions on top of which high spikes occur some time after N fertili-
zation has taken place.  

• Variability in space: In grazed fields urine patches are significant sources for N2O 
as compared to similar parts of the field without urine.  

 
Advantages 

• Like for CH4 only emissions are relevant from a budget point of view although the 
occurrence of N2O uptake fluxes is reported occasionally.  

• N2O is inert; storage of samples in gasbags however might show artefacts of in-
creasing N2O concentration levels when NOx is present as well. 

 
NH3 measurements 
Challenges 

• All other gasses are inert trace gasses, NH3 is not inert. Furthermore it is highly 
soluble and it quickly adheres to any surface especially when the surface is wet.  

• Annual ecosystem exchange will show episodes with significant deposition levels 
as well as emission episodes (for example when fertilizer or manure is applied). 

• Similar to N2O, easy to use, precise measurement techniques for NH3 for low con-
centration levels are lacking.  

 
Advantages 

• The background of NH3 is almost zero to a few ppb and very low compared to the 
concentration levels close to sources (up to 1000 ppb). For spectroscopic meas-
urements however background concentration levels that approach zero concentra-
tions are a problem for line locking. 
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2.8 Different questions, different methods 

As demonstrated above, various measurement methods and sensors can be used for 
emission studies. The data that is produced by these observational systems is used for 
several evaluations: 

• what sources are important  

• what is the relative contribution of these sources 

• where can measures be implemented to reduce emissions (or enhance uptake) 

• how can source contributions be added up to national emission levels  
 
Importantly, it is not the source type alone that determines what methods and sensors 
should be used, but what type of knowledge we want to obtain is leading when select-
ing the appropriate methods and sensors. 
 
Process studies 
There are studies that provide insight into the processes that lead to or affect trace gas 
exchange patterns. This can be studied for example in the laboratory, or on small plots 
in a field. Key is that the conditions associated with the flux are as well documented to 
facilitate the use of the data for parameterisation or for mechanistic modelling of the 
exchange process. Box measurement techniques are well suited for this since for a 
small plot the conditions in the soil can be defined. Techniques that are based on spa-
tial integration, for example micrometeorological techniques, are by definition integrat-
ing over various sub plots that might have different emission characteristics and are 
therefore less suitable for certain process studies. 
 
Budget and scenario studies 
These studies aim to get an annual exchange level or an emission factor. Exact under-
standing on how the emission is generated is less relevant. The flux levels are linked to 
average ambient management and meteorological parameters. Spatial and temporal 
integrative techniques for this type of evaluation are aiming directly for this data. 
 
Emission verification studies 
This type of study includes multi source evaluation. The aim of these studies is to ob-
tain independent information of the cumulative contribution of different source (types) 
within an area.  
Figure 2.15 shows how the different “questions” (rectangular blocs) need information 
on different spatial and temporal scales. The available measurement methods provide 
the knowledge at these different scales in time and space.  
 
In the following chapters a selection of studies demonstrates experimental work with 
box, micrometeorological or plume techniques that range from m2 to the multi hectare 
scale. In Chapter 8 a synthesis will be made on the progress in knowledge in this field. 
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Figure 2.15  The role of different methods used in view of the spatial and temporal 

variability. 
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