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Summary

Nitrous-oxide is one of the greenhouse gases, wdtithcts a lot attention in 2entury. There is much
research on the J® emission for agricultural and natural area atfiblel scale. Based on the research at
the field scale, some model-based methods, sutRGES methods, are developed to estimate the annual
N,O emission at the continental scale. However, tierainty of these model-based methods is large. |
this research, we evaluate the accuracy of estmati mean annual /0 emission from agricultural and
natural area using stratified random sampling nwtAde study area is 27 countries in European Union
(EUZ27). For applying stratified random sampling negls to EU27, the spatial factors controlling ahnua
N,O emission are derived from literature studyingteAfobtaining corresponding spatial data, they are
processed to combine together. The compositiot®wibination are hierarchically clustered to crahte
strata, which are designed for the annu#D Mmission. Due to lack of field measurement datamake a
guestionnaire on the mean annuaDNemission for each stratum to consult expertsmRAtoe answers of
experts, we calculate the within-stratum variar@wen a certain sample size, the total variancddcba
calculated from the within-stratum variance anddharacteristic of each stratum. The main resdlthie
research are: (1) there are four spatial factonsrating NO emission at the continental scale, which are
land use type, annual N input, soil type and clemagion; (2) We designed 17 strata over EU27 aaogr

to the combination of the four corresponding spal#a by agglomerative hierarchical clustering; TBe
optimistic scenario and pessimistic scenario ohiwistratum variance are calculated from the answér
experts; (4) Given the total sample size of 206, ttital variance calculated from optimistic scemamd
pessimistic scenario is 0.98 kg N/ha and 3.41 kbaN/f which the range is much smaller than

model-based methods.

This report has five parts. The first chapter gimasoverview of this research and raises the digeeind
research questions. Chapter 2 describes the métigydased in this research, which has 5 sectioashE
section tells the story of the methodology, whishused to answer the research question one by one.
Chapter 3 shows the result of each methodologexbe statistical theory described in section & the
chapter 4, we discuss the methodologies and camelgpy results we have. Finally, chapter 5 condude

the complete research process and gives the anefviiies objective and the research questions.
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1. Introduction

1.1.Background and problem definition

With the implementation of international agreemesiish as the Kyoto protocol and the
general public awareness of climate change, ndteunthorities and international bodies try
to assess the national and continental emissigneanhouse gases. In this research, the mean
annual Nitrous-oxide emission from agricultural aredural area of the 27 member states of
the European Union (EU27) is studied.

Nitrous-oxide is one of the greenhouse gases aagsphn important role in the global
warming. Because of the complex biogeochemicalge®ees and the structural simplifications
involved in modelling, the estimation of,® emission by model-based methods, such as the
IPCC methods, and MITERRA-EUROPE (Velthof et al.02)) has large associated
uncertainty. In this research, stratified randomgang is applied to estimate the mean
annual NO emission from agricultural and natural land usindesign-based approach. The

purpose of this research is to evaluate the acgwfthis method.

N2O is a product or inter-media of microbial transfiations (nitrification and de-nitrification)
of nitrogenous compounds. The dominant sink ofongroxide is the reaction with atomic
oxygen in the stratosphere to produce NO (Wragal.e2001). This process potentially
increases the UV radiation at the earth surface cauges the destruction of stratospheric
ozone (Mooney et al., 1987; Prather et al., 199&)pical forest soil appears to be the major
natural source of nitrous oxide. Fertilized agrictdl ecosystems also emit more nitrous
oxide than do most natural ecosystems (Mooney gt 1887). The increase of .8
concentration in atmosphere is attributed to imgirep anthropogenic emissions, through
increasing production and use of N fertilizers,ptcal land conversion from forest to

agriculture, increased biomass burning, etc. (Rraghal., 1995).

Because of the complexity of the biogeochemicatgss of MO production, the structural
uncertainty of modelling based methods is diffictdt preclude. Models designed for a

specific purpose make simplifying assumptions fareésent ecosystem processgsuctural



uncertainty in these models is relevant given thate are alternative hypotheses regarding
which processes are the key to influence terrésti@ emission, or which functional forms

are correct for a given procesthe processes of greenhouse gases production w&ill b
influenced by the multiple environmental resouraad stresses (Schimel et al., 1997). It is
difficult to reduce the structural uncertainty imetmodel and even to evaluate it. To take
environmental factors into account, model-basednasion needs a lot of parameters, for
example, temperature, soil carbon content, soilstnoe and precipitation. This increases the
work of collecting and processing data. Some infiirom, such as soil temperature, may be

very difficult to be measured at the national amerecontinental scale.

The model-based approach has large uncertaintyrafified random sampling method is

proposed in this research to measure mean ann@aéhission from samples.

There are several basic design types in desigrdissapling, such as simple random
sampling, stratified random sampling and clustesgalom sampling. To increase the
accuracy and reduce the sample size, we use istilat®ihdom sampling in this research.
Stratified random sampling is an appropriate metioogktimate population characteristic
from a sample, especially when the population heysadial relation with some known
spatially distributed property (Olea, 1984;Mateti86). The basic idea of this method is that
we stratify the whole study area according to aaritrctors of NO emission, so that the
variability of N,O emission between strata is larger than that wiglaich stratum. From an
ecosystem perspective, the circumstances withatusir are more consistent and similar than
between strata. The sample points of each stratamaadomly chosen within each stratum.

The NO emission is measured by chambers continuousgct sample location through the

whole year. Given the total sample size, the vagaof estimation depends on the strategy of
sample method, also called sampling design. Tdhgebptimal variance, the three attributes
of the sampling design -- definition of strata, tb&al sample size, and the allocation of the

sample size to each stratum should be decided.

This research is based on the hypothesis that #enrmnnual terrestrial greenhouse gases
emission has spatial variability. This spatial abiiity is represented in the definition of the
strata and controlled by spatial factors which uefice the annual & emission from

terrestrial ecosystems. So finding these contraiofa of NO emission is one of the major
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research questions.

Nowadays, much research osNemission is done for different ecosystems, sscipasture,
cropland, and forest. There are some importantagattors controlling the pO emission at
the field-scale. However, the spatial factors at fileld-scale can not directly be used as the
spatial factors at the continental scale, becatiseedarge spatial variability of these factors.
In this research, annuakb® emission is measured, while the spatial factbthefield scale
are influencing the daily or monthly,® emission. The temporal variability of these sgati
factors in one year is also very large. All theresponding spatial data of the spatial factors
need to be accessible from internet. The difficatythis research is how to determine the
spatial factors, which are control the annugDN:mission at the continental scale.

After obtaining all spatial data, we use them teate the strata designed to estimate the
annual NO emission from agricultural and natural area in EUJ The combination of all
spatial data is processed to create the stratainblarity table of the result of combination is
created according to the dissimilarity tables ddtigh factors. We use software to cluster the

result of combination to obtain the strata needettis research.

Due to the lack of field measurement data over geyave consult experts to guess the annual
N>O emission for each stratum we designed. A questioa is designed for this research. The

answers from experts are processed and analyzdatdm the data we need in this research.

According to the data analyzed from answers of gg@nd the statistical theory of stratified
random sampling, we calculate the total variance aertain total sample size. The total
variance is evaluated with the increase total sarspde. The trend of total variance is also

evaluated in this research.

1.2.Objective and research question
The aim of this research is to asses the accuradgsign-based estimation of mean annual
nitrous-oxide emission by natural and agricultusdd in EU 27 by applying stratified

random sampling.

The European Union currently has 27 countries andtrof the datasets at European Union

11



scale coves 27 countries, therefore we set theg stigh as EU 27.

This research is expected to test the accuracgtwhator with certain classes of sample size.
Due to the lack of measurement data over all thea2intries, we use the expert's knowledge
to get the variance of mean annualONemission within each stratum. Accordingly, the

effectiveness of sampling can be evaluated evemwitperforming the measurements.

To implement the stratified random sampling methodestimation of the mean annual

nitrous-oxide emission in EU 27, there are fivesjioms that this research must answer:

1. What are the theory and the practice of stratifiechddom sampling to estimate
nitrous-oxide gas emission in EU 27?

2. What are important spatial factors controlling anmitrous-oxide gas emissions from
natural and agricultural land?
How to process the spatial data to create strdtechnare designed for  emission?

4. What are the annual within-stratum variances foons-oxide by consulting expert?

5. What is the total variance of the estimation gigerertain total sample size?

12



2. Methods

2.1.Theory of stratified random sampling

The stratified random sampling method is descrilbechany statistics books (Barnett,1991;
Hansen et al., 1993; Thompson, 2002; Levy and Laowes2008; ). The total sample size n
is a pre-determined size, as the sum of the straample size. The stratum sample sizes will
be denoted nny, ..., nc( i=z12.. kN = n). The simple random sample from thestratum has
members iz, z,, ..., zj(j = 1, 2, ..., ). For every stratum, the sample points are selecte
using the same rule as the simple random sampis.iibans that in each stratum, sample
locations are selected independently with equabadodity. The measured annual N20
emission from these sample points in each strarendlenoted asyy Vo, ..., ¥ (=1, 2, ...,

ni)

We denote the sample mearitbf stratum a§i , which can be calculated as:

_ 1”i

yi== Y (2.1)
M=

And standard deviation of the sample mﬁar‘rs denoted a§ , which can be calculated as:

n; 2
2 —

=g L0 ) @22)

If n; is large, § is used to represent the within stratum varianaghadtratum.

And the total mean of emission by stratified randgampling method, donated?asg, can be

estimated from the sample mean of each stratum:

Ya= WY, (2.3)
i=1
Areg
= 2
' Areq @

Area is the area oith stratum; Areais the total area of Europe. We call & the stratum

weight.
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The total variance of total meaw,, is donated as Vary(,), which can be calculated from
the stratum weight and the standard deviation o stratum:
k Vvi2' s2

Var(glst) = .
i=1

(2.5)

The accuracy of this method is the total variarfcgeSp According to Eq. 2.5, there are three

elements calculating the VaE/g() - W, §, and o w; is determined by the areaitii stratum.

s is controlled by the characteristic of N20O emissfoom ith stratum. For a certain total

sample size n, the optimal allocation pfsndetermined by wand s

n :k—' n (2.6)

The Eq. 2.6 can be proved as below:
The optimal allocation of the sample size to eaditism means that the total variance needs

to be smallest. According to Eq. 2.5, there is:

k\Ni2'$23C

Var(glst) = (2.7)
i=1
C is a certain number which is the optimal totalarace we want to obtain.
For
k 2 2 k
— W s 1
Var (y )— —_ = — 2.8
ol n, i=1 n (28)
Wi2 4 SI2
We set
n
= 2.9
X WS (2.9)

According to Handy et al. [1999], we get the indduaquationH £G £ A, for any positive

numbers x, Xo, ..., %, where
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H=— 1 KHarmonic mean)
i=1 )ﬂ
1
Py n .
G= Ox (Geometric mean)
i=1
X
A=1 (Arithmetic mean)
n
The equation holds if and onlyxf=x, =...= X, .

Because of the transitivity of inequality equatiowe simplify the above inequality equation

asH £ A:
n i=1 A
n i n
i=1 %
The equation holds if and onlyxf=x, =...= X .
Because all xare positive, we get:
2 n
nn £ i
)ﬁ i=1
i=1
The equation holds if and onlyxf=x, =...= X .

Replacing the xaccording to Eq. 2.9, Eq. 2.11 is changed as:

k2 k 1 _
£ =Var
Kk \le - SZ o n (yst)
iz N W
The equation holds if and only if
k
r]i
nl — n2 — — nk — i=1
2 2 2 2 2 2 k .
W S W, S, W, S, W2~ g2

k
Because n =n
i=1
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n, _ _

N

So Eq. 2.6 is proved.

To reduce the uncertainty with a limited sampleesgampling strategy plays an important
role. Sampling design refers to the distributionsampling locations over the study area. It
has three attributes -- definition of strata, tb&alt sample size, and the allocation of the

sample size to each stratum.

2.2.Spatial factors controlling annual N20O emission

The most difficult part of sampling design in thesearch is the definition of strata. Spatial
factors, which control the annuab® emission, are the theoretical basis of the dedimiof
strata for 27 countries in European Union (EU27).

N2O is produced through certain biogeochemical pEedy microbes. Literature studying
is an appropriate way to obtain an overview offh® emission from agricultural and natural
area. However, until now, there is no much researctlthe spatial factors influencing,®

emission at the continental scale.

Recent research is focused on influencing factoréietdd scale, which control daily or

seasonal BD emission at field scale. Some of the influendegjors do not have spatial and
temporal difference between field scale and contalescale, which can be directly used in
this research. By up scaling from daily to annsalne of the influencing factors at the field
scale can be used as the spatial factor at theneoitdél scale. Due to the large spatial and
temporal variability, some of the influencing factaneed to be up scaled with the spatial
factors that can represent the annual charactayigtithe phenomenon at continental scale.

The biogeochemical processes ofONproduction are the theory basic of field reseaoh
N>O. No matter the spatial and temporal differentls, factors control pO emission by
influencing the MO biogeochemical processes. The only differencedomt the factor at field

scale and those at continental scale is the spattainporal level of the influencing factors in

16



biogeochemical processes. For example, we userapdrature and rain full to describe the
weather, while the annual average temperature aedpitation are used to describe the
climate. Climate and weather describe the samaidantling factors in biogeochemical

processes, which are the temperature and the w@téent. This approach is the basic idea of

obtaining spatial factors from literature studying.

The availability of spatial data for each corresgiog spatial factor is an important criterion
for up-scaling the influencing factors of® emission at the field scale. The spatial data use
in this research need high quality, in order touedthe uncertainty of the estimation about
them. Here are some criteria for choosing spatitd:d

1. Accessibility. It means that the spatial dataudth be easy to access for other researchers
through internet.

2. Reliability. The producer and publisher of tipatsal data should be reliable. It is preferred
that the spatial data is published by authoritiespecific field.

3. Accuracy. It is difficult to obtain spatial daacontinental scale with high spatial accuracy.
We assume that the spatial data published by doaalrorities has acceptable accuracy.

4. Completeness. The spatial data should at least the EU27 countries.

5. Temporal accuracy. To reduce the temporal uaicgyt we try to use the spatial data
published in the same year.

2.3.Process spatial data to create strata

The strata, which are defined to measure annp@l &mission samples in the EU 27 countries,
are derived from the combination of spatial datdjiclv represent the spatial factors

controlling annual MO emission.

2.3.1.Prepare the spatial data

To prepare the data, several processing stepsreguéeed.
Reclassify: The spatial data are always plural, with their cattnibute table or legend. The

employed classes of their attributes or legendsat@ppropriate for p0 emission research.

The classification of each spatial factor contr@liN;O emission is not as exhaustive as the

17



classification of corresponding spatial data. Beeatlnere is small quantity of,@ emission
from the earth, the difference of,® emission from the employed classes of spatidbfac
may be not significant. The specific classes ofdpatial data are always too detailed to tell
the different influence on XD emission, due to the different classification gmse. So
reclassification is implemented to categorize tlasses of each spatial factor to make them

suitable for NO emission.

Projection: Because spatial data are published by differegdrozations, there is no unified
reference system for all spatial data. All the ppadata were projected to the reference
system — ETRS — Lambert Azimutal Equal Area, whigla standard reference system of
spatial data published in European Environment AgéREA).

Conversion: All spatial data were converted to raster formatthet they could be combined

together. The pixel size is determined as 250 raeter

Combination: After above processes, all spatial data are corddingether.

The detailed flow chart of preparing spatial data been found in Appendix A.

2.3.2.Dissimilarity tables

After preparing spatial data, they are all combinegether to make the strata, which are
designed for researching ,® emission. The strata are created from the featuwke
combination. After combination, there will be mafi@atures, which have large variability in
their area. According to Eq. 2.4, the stratum weighis determined by the stratum area.
According to Eq. 2.6, if the stratum weight is ®mall and the total sample size is not large
enough, it may happen that the stratum samplensizél be zero. To avoid this situation, all
features of combination are clustered accordingy ttiesimilarity table, which we call the

dissimilarity table of features.
Because each feature of combination is determinedhb composition of the classes of

spatial factors, we can calculate the dissimilaiatyle of features from the dissimilarity tables

of all spatial factors.
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We set the dissimilarity table of each spatial dadty our understanding of the different
influencing powers of the XD emission among the classes, which this spattébifdnas. We
denote the dissimilarity tables of spatial factass

SR [, SR, ..., SR [I.

For the dissimilarity table ath spatial factor, each row and column represenésadass in

this spatial factor, which is denoted as BF “j” is the row number or the column number.
Each value of the dissimilarity is denoted as Pk q]. It shows how large the difference
between two classes, one of which is representatidoyow number “p” and the other is by
the column number “g”. The value of dissimilariigbte is from O — 1. 1 means that the

difference between classes is the largest, whitee@ns that there is no difference.

Similar to the dissimilarity table of a spatial taG each row and column represents one class
in the dissimilarity table of features. The valddle dissimilarity table is denoted as A [p, q].
“p” represents theth feature in row and “q” represergth feature in column. In the attribute
table of combination, we can find that which claseéspatial factors the feature has. So for
pth feature, we can find the list of compositiorctaEsses of its spatial factors as:

Sk [p1], SR [p2], ---» SR [Pnl-

For gth feature, we can also have the list of compasitibclasses of its spatial factors as:

Sk [au], SR [2], ..., SR [qn].

From the compositions of classes of spatial factwisch pth andqgth features have, we can
find the corresponding dissimilarity value in thessimilarity table of each spatial factor,

listed as below:
SFl [pl! ql]! SFZ [p2| q2]’ reey SFﬂ [pn, Ch]

Alp, q]is from 0 to 1. 1 means that the differeretween two features is the largest, while 0
means that there is no difference. A [p, q] is elated from the weighted sum of dissimilarity
values of spatial factors as:
Apd= m’ SHp,aq] (2.13)
i=1
Where mis the weight ofth spatial factor, with

" m =1 (2.14)

i=1
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We set the weight pto the spatial factors according to our understanaf the different
influencing power of spatial factors. Because Adpand SF [p, q] both range from 0 to 1, the

sum of mis equal to 1.

2.3.3.Cluster and create strata

All features of combination were clustered by aguoative hierarchical clustering based on
the dissimilarity table of features. This process implemented by the function of
Agglomerative Nesting (agnes), which is part of thduster library for R

(http://stat.ethz.ch/R-manual/R-devel/library/carghitml/agnes.html). We employed a
Euclidean dissimilarity measure and average cludistances. Average means that the
distance between two clusters is the average oflig®milarities between the points in one

cluster and the points in the other cluster.

For ith feature in dissimilarity table, “agnes” usesiyt¢ denote it. The function “agnes”
calculates the agglomerative coefficient of V (i).is denoted as nfi), which is the
dissimilarity to the first cluster it is merged wijtdivided by the dissimilarity of the merger in
the final step of the algorithm (Kaufman and Rowesse 1990). The agglomerative
coefficient of this clustering is denoted as “A@hich is calculated as:

(- m()

AC=-2——— (2.15)

All features of combination are reclassified acoogdto the result of agglomerative
hierarchical clustering. There is some theory tteaeine the cluster number (Catherine and
Gareth, 2003; Lieti et al., 2004). Due to the laékime, we set the range of the number of
cluster between 10 and 20. The number of clustetetermined by evaluate the result of
clustering in ArcGIS. In ArcGIS, we denoi¢éh cluster as stratumh According to the
clustering of each feature set, we reclassify thatures into strata in ArcGIS. The

compositions of features in each stratum shoule hlagir meaning for )0 emission.
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2.4. Annual within stratum variance

Due to lack of field measurement data of the stdatsigned for BD emission, experts were
consulted to estimate the distribution of annugDMemission in each stratum according to
their knowledge and experience. A questionnaire designed and distributed among 5

experts at Alterra. Finally, the results of the gfiennaire were processed.

2.4.1.Questionnaire

Overall, the questionnaire was structured in twaspd he first part is the introduction of this
research. It contained a description of this regeand figures of 4 spatial factors and the
final strata, which we created. The second parteored the information and questionnaire

of each stratum.

For each stratum, some information about its comipasand spatial distribution was given,
which has three parts. The first part was attribiaiele of this stratum. Attribute table
contained all compositions, which this stratum Hag. chart showed the percentage of the
area, which the classes of each spatial factor wgkim this stratum. For some stratum, there
might be no difference of a spatial factor in tleengosition of this stratum, so there would
not always be pie charts for all spatial factoree@uropean map is used to represent the

location of this stratum.

A questionnaire table is presenting after the imfation of each stratum. The experts were
asked to fill the best estimation of annualONin the table. Because a stratum has different
compositions and §O emission shows large spatial variability, thewalMN,O emission will

not be the same in all locations. The distributsbrwv emission could be lognormal, normal or
something else. In figure 2.1, we give two exampdeshe distribution of annual JD
emission value. We let the experts to judge whadl kif distribution of annual XD emission

would be.

21



Probability density functions of annual NO emission
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0 |Quarti|e 1| 5 |Median| 10 15

N,O emission (kg NO-N/ha)

Figure 2.1, Example of probability density funcsoof annual N20O emission.

The questionnaire table presents the cumulativguéecy table of annual® emission cut
off by quartiles. The first quartile correspondsbi® that value for which the expert believes
that there is 25% probability that the actual ahmMi# emission will be smaller, seeing the
location of quartile 1 in figure 2.1. The third gtie corresponds to be that value for which
there is 25% probability that the actual annugDMNemission will be greater, see figure 2.1.
The median (=% quartile) denotes the value for which there is 5pfabability that the
actual annual PO emission will be greater, see figure 2.1. The rleal, Median and

Quartile 3 only refer to the normal distributionfigure 2.1.

The content of the questionnaire is shown in AppeBd
2.4.2 Estimate within stratum variance from questionnaire

For each stratum, experts have different judgmentis. difficult to compare how confident
the experts feel about their answers. To simplifg analysis, the maximum distance and
mean distance between the first quartile and tbergbquartile were calculated from answers
for each stratum. These two kinds of distanceslafi@ed as below:

Max distance = max (Q3) — min (Q1) 16).

Mean distance = mean (Q3) — mean (Q1) 17§2.
Q3 is the value of the third quartile in the answvafrquestionnaire

Q1 is the value of the first quartile in the anssvef questionnaire
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Even though, the field measured:ON emission can be expected to follow a lognormal
distribution, for the sake of simplicity, in thisgearch, we assume that thg®ONemissions are
normally distributed. In normal distribution, thdfdrence between the first quartile and the
third quatrtile is the 1.34 times of the standardiatéon. If the stratum sample size is large
enough, we use the standard deviation of the same#n, s to represent the within stratum
variance, which can be calculated from the equdisiaw:

s = distance/1.34 (2.18)

Distance is the max distance or the mean distaacelated from Eq.2.16 or Eq.2.17.

Because there are two kinds of distances, we hawestenarios of the estimation ¢f W/e
call the scenario of the estimation qf which is calculated from max distance as the
pessimistic scenario. And the scenario of the edton of $ which is calculated from mean

distance as the optimistic scenario.

2.5.Variance of N,O emission at a sample size

2.5.1.Calculate the variance of annual NO emission

Using EQ.2.18, the standard deviatigrofseach stratum can be calculated from the retlrne
guestionnaires. According to Eq.2.4, the stratunigien; was calculated. At a certain total
sample size, after obtaining the standard deviaiwhthe stratum weight, the optimal sample
size of each stratum was calculated from Eq.2.6véver, for some strata, which have small
weight and small standard deviation, the sample feizthem could be zero. This was seen as

unacceptable in this research.

To deal with this problem, at first, strata werectx to have at least sample size 2, as follows:

Ni = Nadjusted™ MIN(Neg.2.6 2)

At a certain total sample size, after obtairwg, n, for each stratum, the total variance was

calculated according to Eq.2.5.

2.5.2.Trend of the variance curve

We have a set of the total sample size N.
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N={Nz Ny ..., N}, k=1,2,....,n.
Using EQ.2.5 we can calculate the total variangeatVa certain total sample sizgl NN. A
curve can be plotted with the X axis of N and Ysaaf the corresponding total variance. We
standardize the curves by calculating the decrgasite at each sample size. For each set of
total variance, it is denoted ag Bnd calculated as below:

V.-V,

R=- 7

— L 7 100% (2.21)
Vi (Ni ) Ni-l)

Nil N.
Viis the total variance at;N

V1 is the total variance at;N
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3. Results

3.1.Results of Spatial factors

3.1.1.Biogeochemical process of JD production

N2O is a product or intermedia of microbial transfatimns (nitrification and denitrification)
of nitrogenous compounds. The same microbial psssesf NO production could take place

whether in soil, wastewater treatment plant, sedimer water bodies (Wrage et al., 2001).

Circumstances and specific microorganisms are whefactors controlling the pathway of
N,O production. Nitrification is the oxidation of NH or NH; to NO; via NO, by
autotrophic or heterotrophic nitrifiers, which isasvn in figure 3.1. BO is formed during
NH3 oxidation through chemical decomposition of intediates between N and NQ'.
Different nitrifiers have their own preferable emnment. Autotrophic nitrifiers, also called
as Nitrobacteriaceae (Buchanan, 1917), are aemaimesnany are obligate autographs. Fungi
as a common heterotrophic nitrifer play an impdrtate in the nitrification in soils with a
low pH. No mater what kind of nitrifiers, they cdre very important in terms of N
transformations, even under circumstances whete plulation is not large (Wrage et al.,
2001).

Ammonia Hydroxylamine Nitrite
Monooxygenas Oxidoreductase Oxidoreductase

Nzo NZO

I I

NH; sy NH:OH mmppy NO: sy NOs

O,+ 2H" H,O
2¢e
Ammonia oxidation Nitrite oxidation

Figure 3.1, Nitrification: Outline of the pathwayndenzyms involved (after Hynes and Knowles,
1984; Poth and Focht, 1985; Wood, 1986)
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Denitrification is the stepwise reduction of BlQo N,, which is shown in figure 3.2. In
contrast to nitrification, BD is a regular intermediate of denitrification, winican be released

in high quantities in low-oxygen environments wsthfficient NG and metabolizable organic

C (Wrage et al., 2001). Denitrification is mostlpnéined to anaerobic deeper layers,
waterlogged areas or the interior of soil aggregéieedje et al., 1984; Leffelaar, 1986). And
the production of nitrification, such as N@r NG,, could be used in the denitrification by
dinitrifiers. That is why the interfaces betweendb areas are the places where the production
of N2O is highest.

Nitrate Nitrite Nitric oxide Nitrous oxide
reductase reductase reductase reductase

NO; mmp NO: msssp NO mmmp 2O memsmp N

Figure 3.2, Denitrification: outline of the pathwand enzymes involved (after Hochstein and
Tomlinson, 1988)

From biochemical aspect of 88 production, the environmental factors influencitige
nitrification and denitrification pathway in soifeaN content, microbes, soil oxygen content,
soil moisture, soil organic carbon content, pH, terdperature. These can be categorized into
3 groups: N input, BD producer and circumstance factors. N contertt@fbil is the input of
the nitrogen in the environment. Different kindsroicrobes are the nitrifers or denitrifers,
which provide the enzymes for chemical reactionsnduthe process of #D production. The
rest of factors we call them circumstance factovhjch are the most sensitive factors

influenced by environment and also uncontrollable.

3.1.2.The influencing factors of NO emission at field scale

At the field scale, for instance, in a farm, alltbe environmental factors mentioned in the
biochemical process could also be measured, angzadaor modeling. Figure 3.3 shows the

influencing factors of BD emission in an intensive managed farm by G.Lthé$[1997]
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Figure 3.3,Major Factors controlling N20O emissiomi grass land soil (after Vetholf, 1997).

In figure 3.3, Vetholf [1997] classifies the influ@ng factors of BO emission into 3

categories: management style, soil condition, dimdate. From the content of management
style, the application of nitrogen for the farmtie most important factor, which not only
determines the environmental factor of N input lre tbiogeochemical process, but also
influences the N cycling in farm system. Thoughréhis organic & mineral N factor in the

soil condition, which also supply N content, thectbr contributes much less than the
application of fertilizers and manures in farm syst In the natural area, it could be a main

source of N content.

The source of N input shows a very important fadtr the researchers to distinguish
different N cycles in biosphere. In pasture landnaore from animals is the major source of N
input, which has a much higher emission factor todrer fertilizers do. In arable land, the
type of fertilizers influences the,® emission. In natural land, the main sources anput

are the deposition of N in the atmosphere and itbledical fixation by plants. The amount of
N input by deposition and biological fixation is ofuless than N input by fertilizer. That is
why fertilized agricultural ecosystems emit mordrous oxide than do most natural

ecosystem (Mooney et al., 1987). An obvious concfuobtained by researchers is that
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different ecosystem types exhibit distinctive paiseof N cycling (Groffman et al. 2000).
This is also the basic understanding of this resedo the N input factor in the field scale is
detailed as the type of ecosystem and the amouxitimbut.

The factor of presence of bacteria in the soil oo could be regarded as the@Iproducer
in the NO production process. However, recent research shbat denitrifier and nitrifer
diversity, as with all microorganisms in naturaiviganments, is far greater than we have
previously imagined (Coyne, 2009). This importaattér is difficult to measure by current

technology.

The other factors of soil condition and climatetéas can be taken as the circumstance factors
in the NO production process. Recent field experiments stiav water-filled pore space
(WFPS), soil temperature, and ground water level iaxportant factors controlling 70
emission ((Vetholf, 1997; Clayton, et al., 1997;dbee, et al., 1999). We use all these field
measured factors to characterize the soil condiliestead of the ones listing in figure 3.3.
Climate factors influence the® emission by changing the soil condition. Unprestic
amount of rainfall and air temperature influence $loil temperature and soil water content of
the NO production circumstance in a farm. Besides timate factors, management style,
such as the irrigation system and the way of caiitbn, also influences the soil condition.

Overall, the influencing factor of J® emission in a farm scale could be the type ofgsiem,

the amount of N input, the soil condition, climated management style.
3.1.3.Spatial factors controlling annual NO emission at continental scale

Due to lack of long term research onNemission at continental scale, the factors, that
control NO emission at continental scale, are difficult tdaon directly from literatures. In
this research, all the spatial factors chosen foual NO emission at continental scale are
based on the biogeochemical process gD Nroduction and the field research. And the
accessibility of the corresponding data is als@mainto account for determining the spatial
factors used in this research.

As mentioned before, the type of ecosystem, theuamof N input, the soil condition, the

climate and the management style are five majaofador NO emission at field scale. Up
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scaling from field to continental scale and fronilydt annual, the type of ecosystem and the
management style would not change, and the amdustimput would be altered to the total
annual N input. However, the spatial and tempoealability of the soil condition will be
very large and the characteristic of climate wél ddtered as annual average temperature and

annual cumulative precipitation, instead of air pemature and rain full.

There is no corresponding spatial data of ecosystetrmanagement style for 27 countries in
European Union (EU 27). Alternatively, we use laisé type data to represent the ecosystem.
And the differences of management style in land types are significant. Though within
same land use type, there are different managestgess, the information of these is not
complete for EU27. So in this research, we juse tdde land use type in the agricultural and

natural area into account.

The total annual N input data is another importaator, which was obtained from the census
data of European Union. Since different land usg itea own source of N input, the total

annual N input is calculated for each land use t@geectively.

The soil condition data has many characteristiasshsas soil temperature, water-fill pore
space (WFPS), and soil organic content. Howevee the large temporal and spatial
variability, the corresponding data for the EU &7mpossible to obtain. Soil type would be
an alternative data, but there are more than thleyses of soil types, which are too complex
for the NO research. Most of the recentNresearch just used the texture class of soil as a
characteristic for the soil condition, because #wl texture could roughly show the
differences of soil organic contend and the capgof water content. So we classify the soil

type according to their texture types.

The climate data is the factor that will influenitee soil condition. For the duration of one
year, annual average temperature and annual cuweulgtrecipitation are the main
characteristics of climate data. For EU 27, theeedata of bio-geographical regions, which
not only take the climate factor into account bl#oathe natural habitats, especially the
species of plant. Because in natural area, climatethe species of plant are the main factors
controlling NO emission, the bio-geographical region data is@pyate for this research.

These four factors have different influencing poweannual NO emission. Land use type
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representing the ecosystem types was assumed ¢attavargest influencing power, because
the N cycling pattern is depends on the ecosysype. tAnnual N input came as the second
powerful influencing factor. The increase of N ihpo soil makes the soil N concentration
rising, which means there are more N content tlat be utilized for nitrification or
denitrification. The concentration of N is the mairve of nitrification and denitrification in
soil. The soil type and climate type were expetteldave the lowest influencing power, since
the circumstance factors have influence only dftere are BO production processes in soil.

3.1.4.Source of corresponding spatial data

After determining the spatial factors controllingnaal N20O emission, the corresponding
spatial data were obtained yia internet or witlpfedm other research groups at Wageningen
University and Research centre.

Land use typetand use type data was derived from the Corine taw data, published by
the European Environment Agency (EEA) in 2007. @@iand cover 2000 (CLC2000) is an
update for the reference year 2000 of the first @Glaabase which was finalized in the early
1990s as part of the European Commission progranCdordinate Information on the
Environment (Corine). It covers 33 countries — 2&mmber states of European Union, and 6
countries in Europe, which are Albania, Bosnia &tetzegovina, Croatia, Liechtenstein,
Macedonia FYROM, and Serbia Montenegro. Raster afa@_C2000 is derived from vector
CLC2000 database by national teams within CLC20@0ept, with pixel size of 100m and
250m respectively. Since this research is on cental scale, to reduce the time of processing
the data, we use sthe grid with 250m pixel size.
(http://dataservice.eea.europa.eu/dataservice/mtaitedasp?id=1008)

N input— The Nomenclature of Territorial Units for Staiist (NUTS) was established by
Eurostat more than 30 years ago in order to proaidimgle uniform breakdown of territorial
units for the production of regional statistics the European Union. Eurostat supply the
scenario of annual fertilizer application and numieanimals kept in farm in the agriculture
area on the NUTS 2 region level. Based on the atafuanimal we can calculate the manure
produced in one year. So we obtained the annuadgNcation for most of the regions in EU

27. This census data could be link to the spatitd of NUTS 2 region. The census data could
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be downloaded from soil group of Wageningen Uniwgi@nd Research centre.

(http://www.scammonia.wur.nl/UK/Database/)

Soil type-the Soil Geographical Database of Eurasia at 101000 (SGDBE) is published
by the Join Research Centre of European Union,wisi@ digitized European soil map. The
newest version is from 2000. We used the vecta s, which includes detailed information
with soil texture type.

(http://eusoils.jrc.ec.europa.eu/ESDB_Archive/ESD&x.htm)

Climate regior—the bio-geographical region dataset contains theia delineations used in
the Habitats Directive. The map published by EuaopEnvironment Agency in 2008. This
version corrects the coast line of the EU 27 st ithgpatially matches the Corine land cove
data.

(http://dataservice.eea.europa.eu/dataservice/ntatbdaesp?id=1054

3.2.Results of processing spatial data and strata

3.2.1.The spatial data after preprocessing

The four spatial factors were land use type, anhualput, soil type and climate region. The
source data of them can be found in Appendix. Afis¥processing the source data, we
obtained the four spatial data for combination

Land use typeis shown in figure 3.4, with 3 classes, which arable land, pasture land and
natural land. It covers 33 countries — 27 membetestof European Union, and 6 countries in
Europe, which are Albania, Bosnia and Herzegovi@matia, Liechtenstein, Macedonia
FYROM, and Serbia Montenegro. So the area coveyeth® land use map is larger than
other 3 maps. Arable land covers about 42% of thelevarea. Especially in the western,
central and eastern Europe, arable land is the faathuse type. Pasture land only takes up
9% of the whole map, which mostly occurs in the ¥&esEurope and British Isles. Nature

land covers the rest of the area, which occupyaiye area in Sweden and Finland.
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Land use type in EU 27
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Figure 3.4,Simplified land use type from Corinedaover 2000.

Annual N input data is shown in figure 3.5, with five classes, whiagle & — 50, 50 — 100,

100 — 150, 150 — 200 and > 200. The unit is kg Nfitee annual N input is also calculated
according to these three land use types. The amhuabut of agricultural area sums the N
application to the field, biological fixation anépbsition from atmosphere. The N application
to field of arable land is different from that odigiure land, so for N input for these two land
use type is calculated separately. And there igpyication of nitrogen to natural area by
human. The source of N input of natural area iy émdm biological fixation and deposition

from atmosphere.

This map covers the study area — 27 countries nogan Union. In about 90 % of the study
area, the annual N input is below 100 kg N/ha. Bseahe annual N input of nature land is
always smaller than 40 kg N/ha in Europe, 63% efdtea has an annual N input below 50 kg
N/ha. High annual N input is observed in Netherlariceland, Denmark, France, some parts

of U.K. and Germany.

32



Annual N application in EU27
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Figure 3.5, Annual N input classes in the EU 27.

The soil typeis shown in figure 3.6, with 3 classes, which peat, clay and sand & rock.

Soil map covers EU27 countries. Clay soil takesabput 74% of the study area. Peat soill
mainly occurs in U.K., Netherlands, Poland, Finlamdl Baltic states, with 4% of the total
study area. There is large area with Soil & rock isothe Finland, Denmark, some parts of

Germany and Poland.
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Soil type in EU27
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Figure 3.6, Generalized soil type in the EU 27.

The Climate regionsare shown in figure 3.7, with 5 classes, which Algine, Atlantic,
Boreal Mediterranean and Continental. It covers EWd@untries. Continental region covers
the 33% of the total study area, which containshilsgeographically regions of Continental,
Macaronesia, Pannonian and Steppic. The southerop&ihas the typical Mediterranean
region, with 21% of the total area. Sweden, Finland Baltic states have Boreal region, with
19% of the total area. The area with high annuahput is observed with Atlantic region,
which takes up 18 % of the study area. The reshésAlpine region, which is mainly

observed in the Alpine mountains and a part of &med
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Climage region in EU27
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Figure 3.7, Climate regions in the EU 27.

3.2.2.Dissimilarity tables

Even after reducing the amount of classes for spalial factor by reclassification, there are
still 3 classes for land use type, 3 classes fdrtgpe, 5 classes for climate region and 5
classes for annual N input. Each class of eachiaspaictor is given an ID number, in
Figure3.8. After combination, there should be 3*3%225 features.

ID of Land use type: ID of Soil type: D of annual N input:  ID of Climate region:

1. Arable land; 1. Peat; 1. 0-50; 1. Alpine;
2. Pasture land; 2. Clay; 2. 50-100; 2. Atlantic;
3. Nature land. 3. Sand & 3. 100-150; 3. Boreal;
Rock. 4. 150 - 200; 4. Mediterranean,;
5. >200. 5. Continental.

Figure 3.8, ID for classes of spatial factors.

To emphasize the importance of land use type, wegodaze 225 features into 3 classes
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according to the land use type. For the classesatile land and pasture land, there should be
3*5*5=75 features, because the remaining threeiaptctors determine the amount of
features. Because all features in Nature {} haweahnual N input less than 50 kg N/ha, there
is only 3*5=15 features in Nature {}. Finally, wenly obtain 75+75+15=165 features.

We call denote three sets of strata as

Arable {} = 75 features which have the arable laise type;

Pasture {} = 75 features which have the pasturd lzse type;

Nature {} = 15 features which have the nature lasd type.

For the remaining three spatial factors, we crésealissimilarity table for each one.

Dissimilarity table of annual N input:There are 5 classes — 0 — 50, 50 — 100, 100 —1H&D,
— 200, and > 200, with the unit of kg N/ha. We tet dissimilarity table as table 3.1. We
denote the dissimilarity value in table 3.1 as N{i.

Table 3.1, Dissimilarity table of annual N input.

0-50 50-100 | 100-150, 150-200 >200
0-50 0 0.5 0.8 1 1
50 - 100 0.5 0 0.5 1 1
100 - 150 0.8 0.5 0 0.5 1
150 - 200 1 1 0.5 0 1
> 200 1 1 1 1 0

Because of the high spatial variability of N apation, with the increase of N input, the
variance of NO emission also rises. So, the difference betwéasses, which have lower
annual N input are smaller than that between céassbich have higher annual N input.
Among the three remaining spatial factors, annuaipuit is the most important factor, so all

dissimilarity value is not smaller than 0.5

Dissimilarity table of soil typeThe second important factor is the soil type.as B classes —
peat, clay and sand & rock. We set the dissimylatitble as table 3.2. We denote the
dissimilarity value in table 3.2 as S [i, j].

Table 3.2, Dissimilarity table of soil type.

Peat Clay Sand & Rock
Peat 0 0.7 1
Clay 0.7 0 0.9
Sand & Rock| 1 0.9 0
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With the same amount of N input,® emission from sand & rock area is lower than that
from peat and clay. The ;@ emission from peat soil is the highest. Soil typea very
important factor, which controlling the environmerit N,O emission, so all the value of

dissimilarity table is higher than 0.5.

Dissimilarity table of climate regionThe last factor is the climate, which has 5 classe
Alpine, Atlantic, Boreal, Mediterranean, and Coetital. We set the dissimilarity table as
table 3.3. We denote the dissimilarity value ingeh3 as C [i,]].

Table 3.3, Dissimilarity table of climate region.

Alpine Atlantic | Boreal | MediterraneanContinental
Alpine 0 1 1 1 1
Atlantic 1 0 1 0.8 0.8
Boreal 1 1 0 1 0.8
Mediterranean 1 0.8 1 0 0.8
Continental 1 0.8 0.8 0.8 0

The climate factor effects the;@ emission by influencing the environment of saihdition.

So, all the value is above 0.5. The difference betwclasses of climate factor is difficult to
measure, for there is no sufficient research os e assume that at the same amount of N
input, Alpine area and boreal area has the lowgSt &ission, while Atlantic has the highest.
Continental area has the largest size, which méaaisthe variability of temperature and
precipitation in this area is very high. So, th#edence between Continental area and other
areas is smaller. Mediterranean area has highpit&oon and also high annual temperature.
High precipitation makes it close to Atlantic avehile during summer, high temperature in
this area is close to Continental area.

The dissimilarity table of featuresBecause we categorized the features of combinattor8
classes — Arable {}, Pasture {}, and Nature {}, teeshould be 3 dissimilarity tables. However,
all the features in these three classes are detednby the three remaining spatial factors.
According to EQ.2.13, the value of dissimilarityle of features A [p, q] is calculated from
the dissimilarity value of the dissimilarity tabdé spatial factors ${pi, g] and their weights

m;. We set the same weight of spatial factoydanthe dissimilarity table of Arable {} and
Pasture {} in table 3.4, so the dissimilarity talmeArable {} and Pasture {} are the same,

which are calculated as below:

Alp,a]= 05" NIi, j]+03" S[i,j]+02" Cli,j] (3.1)
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Table 3.4, Weight table of the remaining threedecfor Arable {} and Pasture {}.
Annual N input | Soil type| Climate

Weight | 0.5 0.3 0.2

The annual N input determines how much nitrogesaih. Soil condition is determined by
soil type and climate. As the source ofQN the nitrogen in soil is much more important than
soil condition, so annual N input has a weight & h table 3.4. Solil type is a container,
where NO is produced. Climate would influence the envirentof soil condition, by wind,
cloud, rain full and air temperature. The contaianil type is a little bit more important than
the environment variable — climate. So we set thght of soil type as 0.3 and that of climate
as 0.2 in table 3.4.

Because all features in Nature {} have the annuaipuit less than 50 kg N/ha, the weight of
annual N input is zero. We set the weight tabl¢hef soil type and climate in table 3.5. The

dissimilarity table of Nature {} is calculated aslow:
Alp.q|=06" i, j]+ 04" C[i, ]] (3.2)

Table 3.5, Weight table of the remaining threedecfor Nature {}.
Annual N input | Soil type Climate region

Weight 0 0,6 0,4

3.2.3.The cluster after agglomerating.

According to the three classes of features — Ar§hl®asture {}, and Nature {}there are
should be 75+75+15=165 features.

For two sets of features — Arable {} and PastureWe agglomerate them into 7 clusters, of
which the clustering tree shows in figure 3.9.igufe 3.9, vrepresents ith feature in Arable {}
and Pasture {}. From figure 3.9, we can see thaawm be grouped into 7 clusters, which show

in the red boxes.

According to the clustering tree in figure 3.10, g®up the features in Nature {} into 3

clusters, which shows in the red boxes.
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Dendrogram of agnes(x = D, diss = TRUE, metric = euclidean, stand = FALSE,
Dendrogram of method = "average”, keep.diss = FALSE)
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Figure 3.9, Tree of agglomerative hierarchical iduor Arable {} and pasture {} .

Dendrogram of agnes(x =D, diss = TRUE, metric = euclidean, stand = FALSE,
Dendrogram of method = "average", keep.diss = FALSE)
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Figure 3.10, Tree of agglomerative hierarchicas@ufor Nature {}.
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At a certain size of n, the smaller is AC, the maceeptable is this clustering. From figure
3.9, we can see the AC of agglomerative hierartiuicester for Arable {} and Pasture {} is
0.79. From figure 3.10, the AC of agglomerativer&iehical cluster for Nature {} is 0.6. But
this value dose not gives the agglomerative caefiicof the clustering at a certain cluster
number, due to the limitation of the function “aghe R. The efficiency of the clustering has

to be evaluated in the next section.

3.2.4.The strata designed for annual N20O emission

We combine four spatial data in ArcGIS and obtaia28 features. Some of these features

have other land use type than arable land, pasameé and nature land. We remove the

features with other land use type and finally wi/abtain 114 features. Within 114 features,

according to the land use type they have, we catagthem into 3 sets, as Arable {}, Pasture

{}, and Nature {}.

In figure 3.9 and 3.10, we agglomerate the featofesach set into clusters. In ArcGIS, we

reclassify the features to the corresponding staataording to the result of clustering. We

make the criteria to make a decision what the nurabelusters is:

1. The features with low annual N input are clusteir®#d the same stratum as much as
possible, according to the class of annual N itipey have.

2. The features with high annual N input are clustdrgd different stratum according to
their soil types.

3. The difference between peat and clay is much sméldan that between peat and sand and
also smaller than that between clay and sand.

4. The difference between climate regions is smaftlantthat between soil types.

This criteria is implemented to the clustering diftaree feature sets. Because we set the
range of the total number of clusters between 1d 20y after testing, we determine the
cluster number for each feature sets as 7 clukieisrable {}, 7 clusters for Pasture {} and 3
clusters for Nature {}. After clustering, the resafication of three land use sets needs be
merged to make the reclassification table for tleenlmnation of four spatial data. In
reclassification table, we set the sequence ofalsiss table 3.6
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Table 3.6, Sequence of clusters in the reclastiicaable of combination.

Stratum in reclassification table of combinatio

n

Arable land stratum 1 - stratum 7
Pasture land stratum 8 - stratum 14
Nature land stratum 14 - stratum 17

After reclassification, we obtain the 17 strata d@heir attribute table. The final map of 17

strata is showing in figure 3.10. For each strattima,area is shown in table 3.7. According to

Eq.2.5, the stratum weight;ws calculated in table 3.7. Even after agglomeeatlustering,

the weight of each stratum shows large variabifitgm 0.334 to 0.003. And there are only

four strata, which have a weight over than 0.1.yTée stratum 1, stratum 2, stratum 16 and

stratum 17, which take up 74.3% of total weighteThformation of each stratum could be

found in the Questionnaire in Appendix.

Table 3.7, Information of strata area.

Area (kmV) W
stratum1 4.8E+05 0.121
stratum?2 6.6E+05 0.165
stratum3 1.6E+05 0.039
stratum4 2.1E+04 0.005
stratum5 3.1E+04 0.008
stratum®6 2.4E+05 0.061
stratum?7 6.7E+04 0.017
stratum8 8.8E+04 0.022
stratum9 1.0E+05 0.026
stratum10 3.7E+04 0.009
stratum11 5.2E+04 0.013
stratum12 1.1E+04 0.003
stratum13 4.4E+04 0.011
stratum14 2.4E+04 0.006
stratum15 1.4E+05 0.036
stratum16 1.3E+06 0.334
stratum17 4.9E+05 0.123
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17 Strata in EU 27
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Figure 3.11, Strata designed for N20O emission siaigppl

3.3.Results of annual within stratum variance

3.3.1.Answers of the questionnaire

After consulting experts, we get five answers @& tjuestionnaire. The figures from 3.12 to
3.28 show the answers for each stratumrefresents the answers from ttieexpert. The
bottom number of each line is the value of estinaateual NO emission for Quartile 1, for
which the expert believe that there is 25% proligbihat the actual annual,® emission
will be smaller. The top number of each line is viakue of estimate annuab® emission for
Quartile 3, for which the expert believe that thex€5% probability that the actual annual
N>O emission will be greater. The middle value oftelge is the value of estimate annual
N>O emission for Median, for which the expert beli¢lat there is 50% probability that the

actual annual pO emission will be greater.

The answers of Quartile 1, Median and Quartileddnfrexperts for each stratum show large
variability from figure 3.12 to figure 3.28. Forl @ltrata, except stratum 15, stratum 16 and
stratum 17, A3 always has the lowest answers oftilaid, Median and Quartile 3, while A4
has the highest answers of them. The answer oftidguarfrom A3 is much smaller than the
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answer of Quartile 1 from A4. The answers of Qlafj Median and Quartile 3 from experts
Al and A2 range between the answer of Quartil@mhfA3 and that from A4. The answers of
Quartile 1, Median and Quartile 3 from experts A&lso higher than them from experts Al,
A2 and A3 in most of strata, but close to the amsiiem A4. So the experts can be separated

into 2 groups according to the answers they give.

The length of each line shows the distance fromri@ad to Quartile 3. Because the scale of
Y axis is logarithmic, ranging from 0.01 to 1000, is different range, the unit distance is
different. The top ranges have the higher unitaticeé. From figure 3.12 to 3.28, we see that
the distances of answers from experts also shoge laariability. For all strata except

stratum15, 16 and 17, the distance of answers &kdns always the largest among answers
from 5 experts. For the stratum 15, the stratunadé the stratum 17, A5 has the largest
distance of answers. A3 always has the smallesardis of answers for all strata. The

distances of answers from Al and A2 are betwednft@a3 and A4

According to Eq.2.16 and Eq.2.17, we calculatentiae distance of the answers and the mean
distance for each stratum, which are also showm fiigures from 3.12 to 3.28. Because of
the large variability of answers from experts, thigerence between max distance and mean

distance are also large for each stratum.
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Figure 3.12, answer analysis for stratum 1Figure 3.13, answer analysis for stratum?2
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Figure 3.14, answer analysis for stratum

3Figure 3.15, answer analysis for stratum 4.
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Figutg, answer analysis for stratum 6.
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Figure 3.18, answer analysis for stratum

g9, answer analysis for stratum 8.
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Answer Analysis for Stratum 11
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Figure 3.22, answer analysis for stratum
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Figure 3.24, answer analysis for stratum

FQuR5, answer analysis for stratum 14.
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Figure 3.26, answer analysis for stratum
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3.3.2.Standard deviation for each stratum

The standard deviation for each stratum is caledlfétom the distance between Q3 and Q1.
There are two sets of distance, which are max mtistand mean distance, shown in figure
3.28. Though the values of two distances have ldiffierence, the trends of these values are
the same. The values of both distances increabe timp at stratum 5 and then suddenly drop
to a very low value at stratum 6. From stratunh@, talues start to increase again, and reach
another top at stratum 12 and drop down at strdt8nfrrom stratum 13 to 17, the fluctuation

of values is not so large as before. The stratistitéium 13 and stratum 17 always have the

minimum values of both distances. And the top valagboth distances occur in stratum 5
and stratum 12.

All 17 strata can be categorized into 3 groupsprting to table 3.6. The strata with arable
land shows the same fluctuation of distance withdiinata with pasture land.

Two distance for 17 strata

250

200 =
o 150 B
% @ Max distance
X B Mean distance
A 100

50 I

0

EY R EEEEReRZYRILYS
= 2 2 3222222 EEEEEEEE
T © 8 8@ 8 8 8 8 8 =2 =2 2 2 2 2 2 2
5 5 5 5 5B B 8B 8B 8 © © ©® © © © © ©
n nu un nun uo un nu n n 5 5 5 5 =5 5 B =

w u un un un u un u

Figure 3.29, Max distance and mean distance fol th&trata.

Because there are two kinds of distances, we lvaweadtenarios of the estimation of standard
deviation § We call the scenario of the estimation @fwhich is calculated from max
distance as the pessimistic scenario. And the sicemd the estimation of;swhich is
calculated from mean distance as the optimistioate.

From the two sets of distances, we calculate tlssipastic s and optimistic saccording to
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2.20, respectively, which are shown in table 3.Be Btandard deviations show the same
fluctuation with pessimistic scenario and optinusticenario of standard deviation. The
stratum 6, stratum 13 and stratum 17 have the lostasdard deviations, while stratum 5 and

stratum 12 have the highest standard deviations.

Table 3.8, Pessimistic scenario and optimistic aderof standard deviation for 17 strata.

Pessimistic SD | Optimistic SD
stratum1 37,24 12,74
stratum?2 52,05 16,44
stratum3 74,44 21,90
stratum4 111,57 28,12
stratum5b 130,22 36,75
stratum®6 7,39 3,49
stratum?7 22,31 6,70
stratum8 52,01 17,10
stratum9 74,25 25,07
stratum10 111,57 30,31
stratum11 125,75 34,13
stratum12 147,76 39,91
stratum13 10,97 4,82
stratum14 29,55 8,78
stratum15 37,24 10,30
stratum16 37,31 9,33
stratum17 7,46 2,74

3.4.Total variance at a sample size

3.4.1.The sample size for each stratum

There are two scenarios of standard deviation,pésimistic sand the optimistic;sare
obtained according to the answers of questionrieore experts, which is shown in table 3.8.
For each stratum, according to its size of areagaleulate the stratum weight im table 3.7.

In table 3.9 and 3.10, we show the pessimistic aterand optimistic scenario for each
stratum. From table 3.9 and table 3.10, we can firad stratum 4, stratum 5, stratum10,
stratum 11 and stratum12 have the highest stardaviation for both scenarios, but they do
not have very high weight of stratum. So th&'s/ for them are no more than 3. Stratum 16,
stratum 1 and stratum 2, which have the highesghtealso have the highest2s> among

all strata in both tables.
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Table 3.9, Pessimistic scenario for 17 strata.

Area (km3) | w; Pessimistic SD | Pessimistic scenario of w;?*s;2
stratum1 4.82E+05 0,12 37,24 20,34
stratum?2 6,56E+05 0,16 52,05 73,73
stratum3 1,57E+05 0,04 74,44 8,62
stratum4 2,13E+04 0,01 111,57 0,36
stratum5 3,10E+04 0,01 130,22 1,03
stratum6 2,41E+05 0,06 7,39 0,20
stratum?7 6,74E+04 0,02 22,31 0,14
stratum8 8,85E+04 0,02 52,01 1,34
stratum9 1,05E+05 0,03 74,25 3,83
stratum10 3,74E+04 0,01 111,57 1,10
stratum11 5,16E+04 0,01 125,75 2,66
stratum12 1,07E+04 0,00 147,76 0,16
stratum13 4,38E+04 0,01 10,97 0,01
stratum14 2,38E+04 0,01 29,55 0,03
stratum15 1,44E+05 0,04 37,24 1,81
stratum16 1,33E+06 0,33 37,31 155,61
stratum17 4,88E+05 0,12 7,46 0,84

Table 3.10, Optimistic scenario for 17 strata.

Area (km3) | w; Optimistic SD Optimistic scenario of wi*s?
stratum1 4,82E+05 0,12 12,74 2,38
stratum?2 6,56E+05 0,16 16,44 7,35
stratum3 1,57E+05 0,04 21,90 0,75
stratum4 2,13E+04 0,01 28,12 0,02
stratum5b 3,10E+04 0,01 36,75 0,08
stratum6 2,41E+05 0,06 3,49 0,04
stratum?7 6,74E+04 0,02 6,70 0,01
stratum8 8,85E+04 0,02 17,10 0,14
stratum9 1,05E+05 0,03 25,07 0,44
stratum10 3,74E+04 0,01 30,31 0,08
stratum11 5,16E+04 0,01 34,13 0,20
stratum12 1,07E+04 0,00 39,91 0,01
stratum13 4,38E+04 0,01 4,82 0,00
stratum14 2,38E+04 0,01 8,78 0,00
stratum15 1,44E+05 0,04 10,30 0,14
stratum16 1,33E+06 0,33 9,33 9,73
stratum17 4,88E+05 0,12 2,74 0,11

According to EQ.2.6, at a certain total sample sizai for each stratum is determined by the
percentage of @si’/ wj2*s;?, for which there are also two scenarios, showfigare 3.30.

From figure 3.30, we can see that the distribubbrsample size for each stratum has large
difference. For both scenarios of&%% W2*s?, stratum 16 has the highest percentage of

the sample size in total. The stratuml, stratustraijum3 and stratum 16 occupy 90 % of the

total sample size.
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Figure 3.30, Percentage of wiz*si&#i?*si? for pessimistic and optimistic scenarios.

If we set the total sample size scenario as:

N={Ny Ny, ...,N}, k=1,2, ..., n.

At a certain total sample sizeINN, we can calculate the ni for each stratum acogrtlh the
pessimistic scenario and optimistic scenario @fsf/ wi2*s;®. If the total sample size is not
large enough, the stratum4, stratum5, stratumr&tush 7, stratum 8, stratum 10, stratum 12,

stratum13, stratum 14 and stratum 17would haveangpke size, due to the tiny percentage
they have in figure 3.30.

After we calculate the sample size ni for eachtstnaaccording two scenarios, we have two
scenario of the total sample size as below:

Np = {Np1, No2, ..., No}

No = {No1, N0, ..., No}

k=1,2,...,n

N is the total sample size set calculated from paisic scenario. jlis the total sample size
calculated from optimistic scenario.

In table 3.11, we give an example of the scendrtotal sample size N, and its corresponding

Np and N. From table 3.11, We can find that the differebeéveen the elements of, ldnd

N, is very small. With the increase of Ni in N, théafence among N Npi, and Noi becomes
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very small.

Table 3.11, Scenarios of total sample size N, and its corresponding Np and No.
N 100 | 200 | 350 | 500 | 700 | 1000 | 1500 | 2000 | 3000 | 4000 | 5000 | 6000 | 7000 | 8000 | 10000
Np | 120 | 217 | 362 | 510 | 710 | 1010 | 1508 | 2006 | 3003 | 4002 | 5004 | 6003 | 7004 | 8002 | 10002
No | 119 | 215 | 361 | 509 | 709 | 1007 | 1507 | 2005 | 3001 | 4002 | 5003 | 6003 | 7003 | 8002 | 10001

3.4.2.The total variance at a certain total sample size

After calculating the ns, and w for each stratum, we can calculate the total nagaV at a
certain total sample size according to Eq.2.3. Bseathere are pessimistic scenario and

optimistic scenario, there are also two sets @l tediriance.

In figure 3.31, we plot the two sets of total vada at each total sample size. The total
variance calculated from pessimistic scenario haigleer start point than that from optimistic
scenario does. The total variances calculated fyoth scenarios are decreased fast when the
total sample size is smaller than 1000. This mehas the accuracy of estimation will
increase quickly when the sample size is raisem ft00 to 1000. However, if the sample size
is bigger than 1000, the total variance calculdteth optimistic scenario will not decrease

significantly. So does the total variance calcudtem pessimistic scenario.

From figure 3.31, we can also estimate the randetaf sample size need for certain accuracy.
If we wan to reduce the total variance of mean ahiNJO emission to 2 kg N/ha, we need
the total sample size ranging from less than 10@ltwost 800. If we want to increase the

accuracy to 1 kg pO-N/ha, the range of total sample size will be fralmost 200 to 4000.
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Figure 3.31, Total variance calculated for pessimistic scenario and optimistic scenario.

3.4.3.Trend of total variance

According to Eq.2.21, we can calculate the trenidrRhe curves in figure 3.30. We plot the
rate Ri at its total sample size in figure 3.31leMalue R represents the decreasing rate of
total variance at a certain sample size, compareke total variance at a total sample size of
100. It removes the influence of different scermramd shows the efficiency of accuracy

increase by raising the total sample size.

From figure 3.32, we can see that at certain samsigks the rate Ri of variance calculated
from pessimistic scenario is almost the same witdt talculated from optimistic scenario.

They have a sharp decrease when the total sanzglesssmaller than 1000. This means that
with the increase of sample, the decrease rateedtotal variance is very fast. When the total
sample size increases to more than 2000, the decrese of the total variance would not
change much. This means that by increasing the Isasige, the total variance would not be
reduced significantly.
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Figure 3.32, , the curve of decreasing rate at santple size for pessimistic and optimistic scenari

Because the R-N curves of pessimistic and optimsstenario are the same, we can obtain an

R-N function for all the scenario with the sameigesd strata by regression, which is
R= f(N) (3.3)
Replace the R in Eq.2.21, we can get:

f(Ni):'

BecausefV =V,- V., and IN=N, - N,_,, Eg.3.4 can be changed as:
-V, £(N) IN=1v (3.5)

We assume that \Vis a constant number in EQ.2.5, which can be pbthifrom field

V- V.

Vl' (Ni _I-Ni—l) 54

measurement. Calculating the integration for balbessof Eq.3.5, we obtained that

N;
-V, f(N)=V,-V, (3.6)
N=N;
We can obtain function F (N) with
N
f(N)=F(N)- F(0) (3.7)
N=0
Eq.3.6 can be changed as
- Vl[F(Ni)' F(Nl)] :V1 - V| (3-9)
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So,

| (3.10)

If we know the N, V; and V, using Eq.3.10, we can calculate the Ni by the Ruittion R=f
(N) and its integration function F (N), which wetaimed in figure 3.31.
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4.Discussion

4.1.The complexity and number of spatial factors

Due to the complexity of the biogeochemical proesssf NO production, it is difficult to
fully model the NO emission from soil. Researchers use field measemé data to study the

environment factors influencing,® emission.

The spatial factors controlling annuaj) emission at continental scale were analyzed from
the influencing factors of )0 emission at field scale. The spatial factors rdlase type,
annual N input, soil type and climate region, arelely accepted as important factors
controlling annual BO emission in BO research. However, there are also other important
factors influencing BO emission, such as management style, the typdtrofyan fertilizer,
ground water level and soil pH. Because the coomding spatial data of these factors are
difficult to obtain for the EU27 countries, we haalignore their influence in this research.
The ignorance of some spatial factors simplifies stratification of study area, but also
enlarges the variability of XD emission in the strata we created, because tbertamty of

these spatial factors is not taken into the accoingn we made the sample strategy.

The number of spatial factors directly affects ¢benplexity of stratification. The more spatial
factors we had used, the more features we obtaafied combining their corresponding
spatial data. Increasing the number of spatialofactill make the stratification of these
features difficult, because there are more factorssidered. The number of strata will be
raised with the increase of features. This causedigh risk that there are many strata that
have very small sample size, because of the smedl they covers in the study area. From
figure 3.30, we can see that most of strata thatneated in this research take up very small
percentage of the total sample size. In table\8e7can find that these strata all have small
area so that the stratum weightbecomes very small. This causes the small sangddisy
have. The increase of the number of spatial faotars make this situation more serious,
because the mean percentage of area taken up Ibgteaium will be decreased if the number

of strata increased.
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From the result of stratification using these fepatial factors, we can conclude that it would
not always true that the more spatial factors wek Uised, the nicer result of stratification we
obtained. The number of spatial factor used totert#ee strata need be controlled so that the

number of strata would not be too big.

4.2.The Definition of strata

After choosing the spatial factors, the definitiof strata is determined by value of

dissimilarity tables and the number of strata.

In this research, we reclassify the features oféselt of combining four spatial factors to the
strata by agglomerative hierarchical clusteringefEhare two reasons for clustering. The first
one is to smooth the large variability of area edittires. Even though we clustered all 114
features into 17 strata, the variability of strataa is still large. The second reason is to make

the questionnaire simple.

4.2.1.The value of dissimilarity tables

There is no enough measurement data to quantifgiffe@ence between the classes of each
spatial factor. All the values in the dissimilariigbles of spatial factors only tell the rough
difference. We determined them by our understandihghe spatial factors. The largest
difference and the smallest difference between ¢lesses of each spatial factor are
emphasized in the dissimilarity table. In all disgarity tables of the spatial factors, the table

value is above 0.5 in order to limit the range iskumilarity.

The dissimilarity tables of spatial factors areateel to calculate the dissimilarity table of the
features. By testing, we find that the weight ofreapatial factor is more important than the
value in dissimilarity tables of the spatial fastowhen we calculated the dissimilarity table of
the features. Because the weight we give to eaatiaffgactor determines the contribution
that this spatial factor has in the dissimilaraple of the features. For instance, the weight of
annual N input is set as 0.5. The contribution ohwal N input for each value in the

dissimilarity table of features range from 0 t0.0.5
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The importance of spatial factors for,®I emission is easier to obtain than the difference
between classes of each spatial factor. Land y= isythe major influencing factor of,®
emission, so according to the land use types, Wextsthree sets of features — Arable {},
Pasture {} and Nature {}. But there is no field nse@ement data we can use to quantify the
weights of the remaining three spatial factorsegithVe tested the agglomerative coefficient
(AC) of clustering the features calculated fromfadiént composition of weights. AC is
calculated according to Eq.2.15. The weights ihet&84 and table 3.5 are accepted.

4.2.2.The number of strata

We set the range of the number of strata from 1R0toBy testing the different number of
strata, we find that if the number of strata was lthan 10, the composition of each stratum
would be too complex to interpret by experts; i thumber of strata was more than 20, the

area of some strata would be too small.

We determined the size of clusters for each sedaitires according to the clustering tree. The
function “agnes” in software R could not evaludte tgglomerative efficient (AC) with a
certain number of clusters. Though we can find tbeber of clusters from the clustering
trees in figure 3.9 and 3.10, the height in thergg is meaning less, just for plotting. So we
have to evaluate the result of clustering in ArcAl&ckily, the result of 7 clusters for Arable
{} and Pasture {} is appropriate in this resear@ime result of 3 clusters for Nature {} is also

accepted.

4.3.The confidence of experts’ answers

Due to the lack of measurement data, we consukeréxpo guess range of the annual N20
emission for each stratum. It is also a difficuliegtion for all experts, because of the diverse
compositions each stratum has. That is why the haglability is shown from figure 3.11 to
3.27. Also due to the diverse compositions eadhtstr has, the distribution of mean annual
N20O emission of each stratum could be normal omdogal, though most of field

measurement shows it should be normal.
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The confident of expert’s answers is not taken satoount in this research, because of the
large variability they show. Some experts wouldl uslthey are not so sure about the answers
of some strata. But they may be quite sure abautatiswers of other strata. This makes it

difficult to determine which answers should be imdd and which should not.

That is why we finally put all the answers from exg and calculate the max distance and
mean distance for each stratum. This alternative as the risk of over estimation of the
mean annual N20 emission for each stratum. Thaséeptable, because we only evaluate the
efficiency of the stratified random sampling methodf this method could significantly

reduce the variance at a situation of over estonatvhy not use it?

4.4.The total variance

There are two interesting parts discussed here.fif$teone is the percentage of the total
sample size taken by each stratum. The secondsdhe variability of total variance with the

increasing total sample size.

4.4.1.The percentage of stratum sample size

At a certain total sample size, the optimal strasample size is determined by the percentage
of w2 *si2 / w;? *s2. From the proving of EQ.2.6, we can find that dmimal allocation of
stratum sample size equalizes the contributionachestratum to the total variance. So the
percentage of stratum sample sizei2*&?2 / w;? *s?? is the key issue during calculating the

total variance.

From figure 3.30, we can see that the stratumafwstr 2, and stratum 16 occupy almost 90 %
of the total sample size and the percentage of leasipe for stratum 16 is the largest.
However, in table 3.9 and table 3.10, we can sesetlstrata do not have the largest standard
deviation in both pessimistic scenario and optimistenario. In this research, the major
factor controlling the allocation of sample sizehs stratum weight wThe stratum that has
the largest wtakes up the largest stratum sample size. Themaaghat the strata designed in

this research have large variability of area. Ag#nis proves the importance of clustering.
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Otherwise, the variability of stratum area wouldnbech larger.

4.4.2. The variability of total variance with the increasing total sample size

At the total sample size of 100, the total variacakeulated from pessimistic scenario is 4.24
kg N>O-N/ha and that from optimistic scenario is 1.24 MgO-N/ha. The variance of
estimation of mean annuahb® emission by stratification random sampling wauylddbe in
the range from 1.24 kgJ0-N/ha to 4.24 kg BD-N/ha.

The mean annual 29 emission from cultivated area in the EU 15 cdestin 1996 is 5.6
N2O -N /ha (Pascal & Oswarld, 2001). According to Lanhal. [1999], the uncertainty of
estimation of NO emission by IPCC 1997 ranges 70% to 100% of #@ &mission. So the
uncertainty of NO emission from EU 15 could be ranging from 3.92N¢@-N/ha to 5.6 kg
N>O-N/ha. Over estimated uncertainty of IPCC 1997lagyer than the variance by
stratification random sampling calculated from flessimistic scenario at the total sample
size of 100. But the lowest variance of estimatiynstratified random sampling is smaller
than that by IPCC 1997.

If we increase the sample size to 200, the rang®taf variance by stratification random
sampling will be from 0.98 kg N/ha to 3.41 kg N/fis range is much lower than that using
IPCC 1997. Increasing sample size will reduce tit@ tvariance. Using stratification random
sampling methods, it could control the uncertaimftyN20 emission. This is very attractive
for political decision making. By using 200 sampleints, we could get a more accuracy
estimation than that by IPCC 1997.

From figure 3.32, we can see that for the stratgded in this research, the variability of
total variance with the increasing total sample silaows a constant trend, no matter the total

variance is calculated from pessimistic scenarioptimistic scenario.

With the development of model-based methods, iuracy will also be improved. We
suppose that the stratified random sampling withdhime designed strata as this research has
already implemented in the EU 27. We obtained tha& variance Y at the total sample size

N; = 200, which is smaller than the uncertainty o€@>1997 method. Some years later, a
new method of IPCC 2010 is applied and its unaeyais reduced to V Because the
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stratified random sampling has the same desigmathswith this research, the R-N function f
(N) is the same for all the scenario of strata ddaeh deviations, which is already known in
figure 3.32. Using EQ.3.10, We can very easily mbtae total sample size;Nmore than
which the total variance of estimation from thestied random sampling is smaller than the
new method of IPCC 2010. Using this way, we canlea®mpare the efficient of the

stratified random sampling and the new model-basetthod
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5. Conclusion

1. By referring to the statistic books, we answetexlfirst research questionWhat are the
theory and the practice of stratified random samglto estimate nitrous-oxide gas emission
in EU 277

The mean annual J® emission from agricultural and natural area irc@untries in European
Union could be calculated from the mean of annu# Kmissiony. , from sample points in

each stratum as below:

With the total variance ofg/St

- k w2’ <2
Var(yst): W'2 3
=1 N
_ Areg
' Areg
Areq is the area oith stratum; Areais the total area of Europe. We call & the stratum
weight.
The optimal sample size for each stratymsncalculated as below:
s 2
n = kWi2 3 - n
W s’

2. By literature studying and analyzing the spafaator at the field scale, we obtained the
conclusion of research question ¥hkat are important spatial factors controlling arahu

nitrous-oxide gas emissions from natural and adtural land?

The important factors controlling annual emission from agricultural and natural land are

land use type, annual N input, soil type and clewagion.

There are three classes in land use type, whiclralde land, pasture land, and nature land.
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The annual N input is categorized into 5 classéuschvare 0 — 50, 50 — 100, 100 — 150, 150 —
200, and > 200, with the unit kg N /ha. The sogeyhas three classes, which are peat, clay
and sand & rock. We use 5 climate regions in tasearch, which are Alpine, Atlantic, Boreal,

Mediterranean and Continental.

3. Using agglomerative hierarchical clusteringhe teatures after combining four spatial data,
we obtained the conclusion of research questiorH8w to process the spatial data to create

strata, which are designed for,@® emission?

All spatial data are reclassified, projected andveoted to raster data. To emphasize the
importance of land use type, we group the featwiéis the same land use type into 3 sets,

after combining all spatial data. We denote therrasle {}, Pasture {} and Nature {}.

Dissimilarity table of each spatial factor excegtd use type is made, denoted as
S[i, jI, N [i, j] and C [i, j]. According to the disimilarity table of each spatial factor and its

weight, the dissimilarity table of features in Alalj} and Pasture {} is calculated as below:
Alp.d]= 05" NIi, j]+03" i, j]+ 02" CIi, j]
We agglomerate Arable {} and Pasture {} into 7 ¢krs according to the dissimilarity table of

strata.
The dissimilarity table of features in Nature iscatated as below:
Alp.a]=06" S[i, ]+ 04" CIi, j]

Nature {} is grouped into 3 clusters.

The result of reclassification strata is sequerniddble below:

Stratum in reclassification table of combination
Arable land stratum 1 - stratum 7
Pasture land stratum 8 - stratum 14
Nature land stratum 14 - stratum 17

According to the reclassification table of clust@e can group the result of combination into

17 strata, which we design for N20 emission resesr&U 27.
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4. After creating the strata, we make a questioeng obtain the conclusion of Research
guestion 4 “What are the annual within strata variances forrauts-oxide by consulting

expert?

After consulting the experts by questionnaire, etgogive their guess for Quartile 1, Median
and Quartile 3 of annual N20O emission for eachtwtna We calculate pessimistic scenario
and optimistic scenario of standard deviation fronax distance and mean distance
respectively as below:

Max distance = max (Q3) — min (Q1)

Mean distance = mean (Q3) — mean (Q1)

Si = Distance/1.34
Q1 is the answer of Quartile 1 in the questionnaire
Q3 is the answer of Quartile 3 in the questionnaire

Distance is the max distance or mean distance.

5. Using the pessimistic scenario and optimistienacio of stratum weight and standard
deviation, we answered the research questiohat is the total variance at certain total

sample size?

The pessimistic scenario of standard deviatioralsutated from the max distance from the
experts’ answers. The optimistic scenario of steshdkeviation is calculated from the mean
distance from the experts’ answers. The stratunghtas calculated from the stratum area.
Total variance at a certain total sample size ctgdtalculated from the stratum weight w
stratum standard deviation and the sample sizefor ith stratum. At the total sample size of
100, the total variance calculated from pessimstenario is 4.24 kg D-N/ha and that from

optimistic scenario is 1.24 kg,N-N/ha.

We can calculate the decreasing ratefdR each pair of the total sample size a&hd its
corresponding total variance &s below:

R=- —,Vi Vs 1006
V1 (Ni - Ni-l)

We can plot the R-N curve, and obtain an R-N furcfR=f (N) by regression from the R-N

curve.
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If we know the total variance\at the total sample size;Nvhen we want to the total sample
size N with the total variance YWe can use the equation below

V.-V

()= () oY

F(N) is the integration function of R = f (N).

Finally we achieve the objective of this researcto-asses the accuracy of design-based
estimation of mean annual nitrous-oxide emissiomdiyiral and agricultural land in EU 27

by applying stratified random sampling.

With the sample size 200, the range of total vaeaby stratified random sampling will be
from 0.98 kg N/ha to 3.41 kg N/ha. At the sampleesaf 200, the accuracy of estimation by
this method is already better than that by IPCC7198 this research, the accuracy of
estimation of mean annual N20O emission by stratiiien random sampling method will

increase largely with the increase of the totalgamsize.

For the strata designed in this research, the hifityaof total variance with the increasing
total sample size shows a constant trend, no m#itertotal variance is calculated from
pessimistic scenario or optimistic scenario. Tlharacteristic is shown as the decreasing rate
Ri. From the regression of R-N curve, we can obtaR-l function R=f (N). Using this
function we can simply calculate the total samje st a certain total variance if we know

the total variance at one total sample size.
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7. Appendix A

The flow chart of processing land use type datataacgnnual N input is
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The flow chart of processing soil type data anchate region data is shown below:
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8. Appendix B

Questionnaire for the annual N20O emission in EU27

By Haolu shang

Supervisors: dr. ir. Sytze de Bruin
dr. ir. Gerard Heuvelink

Geo-Information Science and Remote Sensing
Wageningen University
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In my MSc thesis research, | am investigating apdisng method for estimation of the mean
annual N20 emission from agriculture and naturasine EU-27 countries.

| propose a stratified random sampling method tonese the mean of annual N20O emission.
The basic idea of this method is that we stratify &rea according to the control factors of
annual N20 emission. The variability of annual N@@ission between each stratum is larger
than that within each stratum. The purpose of tbégarch is to evaluate the accuracy of this
method.

In each stratum, | randomly choose some sampletidmsa Annual N20O emission is
measured at each location with five chambers —r dbthem making a 100mx100m square
and one in the center. We assume continuous measnte over the entire year. To calculate
the variance of annual N20 emission from the wiané=a, the variance in each stratum needs
to be estimated from the annual N20O emissions filoeensample points. For lack of field
measurement data, we consult experts to estimateatfiability of the annual N20O emission
in each stratum.

After consulting the literatures and experts at WURchose four spatial factors for

controlling N20O emission in EU27. These are land tge, soil type, N application and

climate region. These factors are combined toiStréte study area. Due to the limited

information, we classified the whole area into éhfand use types, which are natural land,
agricultural land, and pasture land. The map isvshin figure 1. Built-up area has been
removed from this map. The soil type map, in fegdrand climate region map, figure 3, for
EU-27 are shown below. In figure 4, we presentNhagplication strata as derived from Nuts
2 Census data.

An overlay of the four factors gives 129 existirggrbinations. | used a clustering approach
to group similar combinations(judged on the basia dissimilarity matrix) and reduce the
number of classes to 17. The final map is showfigimre 5

For each stratum, | present an attribute tablepgndharts with compositional information.

As described above, a location is chosen at rangidhin a stratum and the annual N20O
emission is measured by taking the average of tiéircmious measurements at five points
within the 100mx100m square (the center of squsirat ithis location). For a stratum has
different compositions and N20 emission shows apaériability, the annual N20O emission

will not be the same in all locations within a #tira. Instead, it will be a distribution of value,

of which one example histogram is shown below.
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Example histogram of value distribution
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The questionnaire table presents the cumulativguénecy table of annual N20O emission cut
off by quartiles. The first quartile should be thatue for which you believe that there is 25%
probability that the actual emission will be smallehe third quartile should be that value for
which there is 25% probability that the actual esigis will be greater. | kindly ask you enter
your best guesses for the quartiles of N20O emissinrthe bottom questionnaire table on
each sheet.

Soil type in EU27

Soil type N
| BT &
B oy %
[ ] sand & Rack !

Klometers g4ireq: Soil Geographical Database of EURASIA,
Wersion 4 Beta, 25/0%/2001

I e
0 140 280 560 840 1020

Figure 1: land use type in EU 27 Figur&ail type in EU 27
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Figure 3: Climate region in EU 27 Figure 4t1ial N application in EU 27

Figure 5: 17 strata for N20O emission in EU 27
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Stratum 1

The attribute table of stratum 1 is shown in tableTwo pie charts show the statistical
information of the soil type and climate regionstnatum 1 respectively. The figure 6 shows
the area stratuml covers in EU27. The questionimiretable2.

Table 1, attribute table of stratum 1

Class| Area (km?) Land type Soil type N input(kghneer) Climate region
1 1,8E+04| agriculture clay 0-50 Alpine
2 4,2E+04| agriculture clay 0-50 Atlantic
3 5,4E+04| agriculture clay 0-50 Boreal
4 2,2E+05| agriculture clay 0-50 Continental
5 1,4E+05| agriculture clay 0-50 Mediterranean
6 1,1E+01| agriculture peat 0-50 Alpine
7 6,2E+02| agriculture peat 0-50 Atlantic
8 2,5E+03| agriculture peat 0-50 Boreal
9 3,2E+03| agriculture peat 0-50 Continental
Total area (km?) 4,8E+05
Soil type in Stratum 1 Climate region in Stratum 1
B peat AN antic
1% Miditerranean % D%

2% Boreal = Alpine

O clay 12% :Ananuc

oreal

B peat a ionunen!al
B viditerranean
a clay Continental
99% 46%

Figure 6, the area stratum1 coves in EU 27

Table 2, Questionnaire for stratum 1
Annual N20 emission (kg N Hayr™)

Quartile 1
Median
Quartile 3
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Stratum 2

The attribute table of stratum 2 is shown in taBleTwo pie charts show the statistical
information of the soil type and climate regionstnatum 2 respectively. The figure 7 shows
the area stratum2 covers in EU27. The questionismiretable4.

Table 3, attribute table of stratum 2.

Class Area (km?) Land typg  Soil type N input(kghneer) Climate region
1 7,2E+03| agriculturg clay 50 - 100 Alpine
2 7,7E+04| agriculture clay 50 - 100 Atlantic
3 3,5E+04| agriculturg clay 50 - 100 Boreal
4 3,0E+05| agriculture clay 50 - 100 Continental
5 2,3E+05| agriculture clay 50 - 100 Mediterranean
6 1,5E+00| agriculturg peat 50 - 100 Alpine
7 6,0E+02| agriculturg peat 50 - 100 Atlantic
8 1,7E+03| agriculturg peat 50 - 100 Boreal
9 4,8E+03| agriculturg peat 50 - 100 Continental
10 2,0E+01| agriculture@ peat 50 - 100 Mediterranear
Total area (km?) 6,6E+05

Soil type in Stratum 2

@ peat
1%

@ clay
99%

o clay
@ peat

Climate region in Stratum 2

Alpine
1%

Atlantic
12%

Mediterranean Boreal
35% 6%

O Alpine
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O Coninental

B Vediteranean

Coninental
46%

Figure 7, the area stratum2 coves in EU27.

Table 4, Questionnaire for stratum 2

Annual N20 emission (kg N Hayr™)

Quartile 1

Median

Quartile 3
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Stratum 3

The attribute table of stratum 3 is shown in tableTwo pie charts show the statistical
information of the soil type and climate regionstnatum 3 respectively. The figure 8 shows
the area stratum3 covers in EU27. The questionisiretable 6.

Table 5, attribute table of stratum3.

Class | Area (km?) Land type Soil type N input(kghneer) Climate region
1 1,1E+03| agriculture clay 100 - 150 Alpine
2 1,0E+05| agriculture clay 100 - 150 Atlantic
3 5,4E+04| agriculture clay 100 - 150 Continental
4 1,1E+03| agriculture peat 100 - 150 Atlantic
5 7,8E+01| agriculture peat 100 - 150 Continental
Total area (km?) 1,6E+05

Soil type in Stratum 3 Climate region in Stratum 1

B peat
Alpine
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Miditerranean A

Atlantic

20% o
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DO clay 12%
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Figure 8, area stratum 3 covers in EU27

Table 6 Questionnaire for stratum 3
Annual N20 emission (kg N Hayr™)

Quartile 1
Median
Quartile 3
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Stratum 4

The attribute table of stratum 4 is shown in tableTwo pie charts show the statistical
information of the soil type and climate regionstnatum 4 respectively. The figure 9 shows
the area stratum4 covers in EU27. The questionisiretable 8.

Table 7, attribute table of stratum 4

Class| Area (km?) Land type Soil type N input(kghneer) Climate region
1 1,0E+04| agriculture clay 150 -200 Atlantic
2 1,1E+04| agriculture clay 150 -200 Continental
3 1,4E+02| agriculture peat 150 -200 Atlantic
4 1,9E+02| agriculture peat 150 -200 Continental
Total area (km?) 2,1E+04

Soil type in Stratum 4 Climate region in Stratum 4

B peat
2%

B Continent
Oclay | O Atlantic O Atlantic
al
B peat 51% 49% 8 Continental

O clay
98%

Figure 9, area stratum 4 covers in EU27.

Table 8, Questionnaire for stratum 4
Annual N20 emission (kg N Hayr™)

Quartile 1
Median
Quartile 3
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Stratum 5

The attribute table of stratum 5 is shown in taBleTwo pie charts show the statistical
information of the soil type and climate regiorstnatum 5 respectively. The figure 10 shows
the area stratum5 covers in EU27. The questionigiretable 10.

Table 9, attribute table of stratum 5

Class Area (km?) Land type Soil type N input(kghneer) Climate region
1 2,1E+04| agriculture clay >200 Atlantic
2 1,4E+02| agriculture clay >200 Continental
3 4,0E+01| agriculture peat >200 Atlantic
4 9,8E+03| agriculture sand >200 Atlantic
5 1,2E+02| agriculture sand >200 Continental
Total area (km?) 3,1E+04

Soil type in Stratum 5
Climate region in Stratum 5

2 .
sand Continental

32% 1%
o clay
@ peat O Atlantic
O sand B Continental
peat
0% clay
68% O Atantic

99%

Figure 10, area stratum 5 covers in EU27

Table 10, Questionnaire for stratum 5
Annual N20 emission (kg N Hayr™)

Quartile 1
Median
Quartile 3
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Stratum 6

The attribute table of stratum 6 is shown in table Two pie charts show the statistical
information of the annual N application and climaggion in stratum 6 respectively. The
figure 11 shows the area stratum6 covers in EUB&.questionnaire is in table 12.

Table 11, attribute table of stratum 6

Class Area (km?) Land type Soil type N input(kghneer) Climate region
1 1,4E+03| agriculture sand 0-50 Alpine
2 4,8E+03| agriculture sand 0-50 Atlantic
3 1,6E+04| agriculture sand 0-50 Boreal
4 2,6E+04| agriculture sand 0-50 Mediterranea
5 4,2E+04| agriculture sand 0-50 Continental
6 3,1E+02| agriculture sand 50 - 100 Alpine
7 1,8E+04| agriculture sand 50 - 100 Atlantic
8 1,5E+04| agriculture sand 50 - 100 Boreal
9 3,4E+04| agriculture sand 50 - 100 Mediterranean
10 8,2E+04| agriculture sand 50 - 100 Continental
Total area (km?) 2,4E+05

N input in stratum 6 Climate region in stratum 6

O Alpine
1%

B Vediterr B Atlantic
anean 10%

O Alpine
@0-50 25% O Boreal p
38% B80-50 13% B Atlantic
o
850100 850-100 Boreal
62% O continental

8 Mediterranean

O Contine
ntal
51%

Figure 11, area stratum 6 coves in EU27

Table 12, Questionnaire for stratum 6
Annual N20 emission (kg N Hayr™)

Quartile 1
Median
Quartile 3
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Stratum 7

The attribute table of stratum 7 is shown in tabBe Two pie charts show the statistical
information of the annual N application and climasgion in stratum 7 respectively. The
figure 12 shows the area stratum7 covers in EUR&.questionnaire is in table 14.

Table 13, attribute table of stratum 7

Class | Area (km?) Land type Soil type N input(kghneer) Climate region
1 2,9E+02| agriculture| sand 100 - 150 Alpine
2 2,8E+04| agriculture| sand 100 - 150 Atlantic
3 1,6E+04| agriculture| sand 100 - 150 Continental
4 1,2E+04| agriculture| sand 150 -200 Atlantic
5 1,1E+04| agriculture| sand 150 -200 Continental
Total area (km?) 6,7E+04

N input classes in stratum 7 Climage region in stratum 7

2150 O Alpine
0%
200

O Continen
34% =
0100-150 4';’:/ . Alpine
o
| 150 - 200 B Adantic o Atlantic
0 100-150 60% Continental
66%

Figure 12, area stratum 7 covers in EU27

Table 14, Questionnaire for stratum 7
Annual N20 emission (kg N Hayr™)

Quartile 1
Median
Quartile 3
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Stratum 8

The attribute table of stratum 8 is shown in tabfe Two pie charts show the statistical
information of soil type and climate region in $tra 8 respectively. The figure 13 shows the
area stratum8 covers in EU27. The questionnairetable 16.

Table 15, attributes table of stratum 8

Class| Area (km?) Land type Soil type N input(kghneer) Climate region
1 9,1E+03| pasture clay 0-50 Alpine
2 9,5E+03| pasture clay 0-50 Atlantic
3 3,5E+03| pasture clay 0-50 Mediterraneal
4 4,8E+04| pasture clay 0-50 Continental
5 1,3E+04| pasture clay 0-50 Boreal
6 1,3E+01| pasture peat 0-50 Alpine
7 7,5E+01| pasture peat 0-50 Atlantic
8 4,0E+03| pasture peat 0-50 Continental
9 1,2E+03| pasture peat 0-50 Boreal

Total area (km?) 8,8E+04

Soil type in stratum 8 Climate region in stratum 8

@ peat
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B vediteran
1
Ehtanic

ean 8 Alpine
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L]
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@ peat O Boreal Dgoreal
O Continent 15% O Continental

al @ Vediteranean
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o clay
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Figure 13, area stratum 8 covers in EU27.

Table 16, Questionnaire for stratum 8
Annual N20 emission (kg N Hayr™)

Quartile 1
Median
Quartile 5
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Stratum 9

The attribute table of stratum 9 is shown in tablfe Two pie charts show the statistical
information of soil type and climate region in stma 9 respectively. The figure 14 shows the
area stratum9 covers in EU27. The questionnairetable 18.

Table 17, attributes table of stratum 9

Class | Area (km?) Land type Soil type N input(kghneer) Climate region
1 8,4E+03| pasture clay 50 - 100 Alpine
2 49E+04| pasture clay 50 - 100 Atlantic
3 1,2E+03| pasture clay 50 - 100 Mediterraneah
4 4,1E+04| pasture clay 50 - 100 Continental
5 4,8E+02| pasture clay 50 - 100 Boreal
6 2,9E+03| pasture peat 50 - 100 Atlantic
7 1,2E+03| pasture peat 50 - 100 Continental
Total area (km?) 1,0E+05
Soil type in stratum 9 Climate region in stratum 9
peat B Vediterr

4% anean
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9

o 8% @ Alpine

Contine
B Atlantic
aclay ntal
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Figure 14, area stratum 9 covers in EU 27

Table 18, Questionnaire for stratum 9
Annual N20 emission (kg N Hayr™)

Quartile 1
Median
Quartile 2
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Stratum 10

The attribute table of stratum 10 is shown in tale Two pie charts show the statistical
information of soil type and climate region in $tra 10 respectively. The figure 15 shows
the area stratum10 covers in EU27. The questioaiin table 20.

Table 19, attribute table of stratum 10

Class | Area (km?) Land type Soil type| N input(kghneer) Climate region
1 3,1E+02| pasture clay 100 - 150 Alpine
2 2,3E+04| pasture clay 100 - 150 Atlantic
3 8,7E+01| pasture clay 100 - 150 Mediterranean
4 1,4E+04| pasture clay 100 - 150 Continental
5 1,0E+01| pasture clay 100 - 150 Boreal
6 3,7E+02| pasture peat 100 - 150 Atlantic
7 7,5E-01| pasture peat 100 - 150 Continental
8 1,6E+00| pasture peat 100 - 150 Boreal
Total area (km?) 3,7E+04

Sail type in stratum 10 Climate region in stratum 10

@ peat 8 Nediterran
1% ean
008 Alpine
%

O continent O Alpine
al B Atlantic
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8 peat B Adantic O continental
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O Boreal ® Mediteranean
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O clay
99%

Figure 15, area stratum 10 covers in EU27

Table 20, Questionnaire for stratum 10
Annual N20 emission (kg N Hayr™)

Quartile 1
Median
Quartile 2
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Stratum 11

The attribute table of stratum 11 is shown in table Two pie charts show the statistical
information of soil type and climate region in stra 11 respectively. The figure 16 shows
the area stratumll covers in EU27. The questioafin table 22.

Table 21, attribute table of stratum 11

Figure 16, area stratum 11 covers in EU27

Table 22, Questionnaire for stratum 11

Class Area (km?) Land type Soil type N input(kghneer) Climate region
1 1,6E+02| pasture clay 150 -200 Alpine
2 4,7E+04| pasture clay 150 -200 Atlantic
3 3,4E+03| pasture clay 150 -200 Continental
4 7,5E+02| pasture peat 150 -200 Atlantic
5 8,1E+00| pasture peat 150 -200 Continental
Total area (km?) 5,2E+04
Soil type in stratum 11 Climate region in stratum 11
| peat )
1% o ConEnAlgol/:e
ental
7 O Alpine
a clay B Atlantic
8 peat O Continental
B Atlanti
o clay
9%% 93°%

Annual N20 emission (kg N Hayr™)

Quartile 1

Median

Quartile 2
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Stratum 12

The attribute table of stratum 12 is shown in tak®e Two pie charts show the statistical
information of soil type and climate region in $tra 12 respectively. The figure 17 shows
the area stratum12 covers in EU27. The questioaiin table 24.

Table 23, attributes table of stratum 12

Class | Area (km?) Land type Soil type N input(kghneer) Climate region
1 4,7E+03| pasture clay >200 Atlantic
2 8,0E+02| pasture clay >200 Continental
3 1,2E+03| pasture peat >200 Atlantic
4 4,0E+03| pasture sand >200 Atlantic
5 3,7E+01| pasture sand >200 Continental
Total area (km?) 1,1E+04

Sail type in stratum 12 Climate region in stratum 12

Continental
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O sand

38%, o o clay o
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Figure 17, area stratum 12 covers in EU27

Table 24, Questionnaire for stratum 12
Annual N20 emission (kg N Hayr™)

Quartile 1
Median
Quartile 2
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Stratum 13

The attribute table of stratum 13 is shown in tabe Two pie charts show the statistical
information of annual N application and climateioggin stratum 13 respectively. The figure
18 shows the area stratum13 covers in EU27. Thstigneaire is in table 26.

Table 25, attribute table of stratum 13

Class Area (km?) Land type Soil type N input(kghneer) Climate region

1 2,3E+02| pasture sand 0-50 Alpine

2 2,9E+03| pasture sand 0-50 Atlantic

3 3,5E+03| pasture sand 0-50 Boreal

4 5,0E+02| pasture sand 0-50 Mediterranean

5 1,3E+04| pasture sand 0-50 Continental

6 1,1E+03| pasture sand 50 - 100 Alpine

7 5,7E+03| pasture sand 50 - 100 Atlantic

8 3,1E-01| pasture sand 50 - 100 Boreal

9 1,8E+02| pasture sand 50 - 100 Mediterranean
10 1,6E+04| pasture sand 50 - 100 Continental
Total area (km?) 4,4E+04

N input classes in stratum 13 Climate region in stratum 13
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20%

nean y 8 Apine
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Figure 18, area stratum 13 covers in EU27
Table 26, Questionnaire for stratum 13

Annual N20 emission (kg N Hayr™)

Quartile 1
Median
Quartile 2
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Stratum 14

The attribute table of stratum 14 is shown in table Two pie charts show the statistical
information of annual N application and climateioggin stratum 14 respectively. The figure
19 shows the area stratum14 covers in EU27. Thstigneaire is in table 28.

Table 27, attribute table of stratum 14

Class | Area (km?) Land type Soil type N input(kghneer) Climate region
1 4,4E+00| pasture sand 100 - 150 Alpine
2 8,5E+03 | pasture sand 100 - 150 Atlantic
3 4,6E+00| pasture sand 100 - 150 Boreal
4 1,1E+00| pasture sand 100 - 150 Mediterranean
5 2,0E+03| pasture sand 100 - 150 Continental
6 1,2E+04 | pasture sand 150 -200 Atlantic
7 9,9E+02| pasture sand 150 -200 Continental
Total area (km?) 2,4E+04

N input classes in stratum 14 Climate region in stratum 14
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Figure 19, area stratum 14 covers in EU27

Table 28, Questionnaire for stratum 14
Annual N20 emission (kg N Hayr™)

Quartile 1
Median
Quartile 2
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Stratum 15

The attribute table of stratum 15 is shown in ta®®e Two pie charts show the statistical
information of climate region in stratum 15 respealy. The figure 20 shows the area
stratuml15 covers in EU27. The questionnaire iglihet 30.

Table 29, attributes table of stratum 15

Class Area (km?) Land type Soil type N input(kghneer) Climate region
1 2,4E+03| nature peat 0-50 Alpine
2 45E+04| nature peat 0-50 Atlantic
3 9,1E+04| nature peat 0-50 Boreal
4 49E+03| nature peat 0-50 Continental
5 7,2E+00| nature peat 0-50 Mediterranea
Total area (km?) 1,4E+05

Climate region in stratum 15
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Figure 20, area stratum 15 covers in EU27

Table 30, Questionnaire for stratum 20
Annual N20 emission (kg N Hayr™)

Quartile 1
Median
Quartile 2
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Stratum 16

The attribute table of stratum 16 is shown in taBle Two pie charts show the statistical
information of climate region in stratum 16 respealy. The figure 21 shows the area
stratum16 covers in EU27. The questionnaire iglihet 32.

Table 31, attribute table of stratum 16

Class Area (km?) Land type Soil type N input(kghneer) Climate region
1 2,6E+05| nature clay 0-50 Alpine
2 1,2E+05| nature clay 0-50 Atlantic
3 3,1E+05| nature clay 0-50 Boreal
4 3,0E+05| nature clay 0-50 Continental
5 3,5E+05| nature clay 0-50 Mediterranean
Total area (km?) 1,3E+06

Climate region in stratum 16
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Figure 21, area stratum 16 covers in EU27

Table 32, Questionnaire for stratum 16
Annual N20 emission (kg N Hayr™)

Quartile 1
Median
Quartile 2
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Stratum 17

The attribute table of stratum 17 is shown in taB®e Two pie charts show the statistical
information of climate region in stratum 17 respealy. The figure 22 shows the area
stratuml17 covers in EU27. The questionnaire iglihet 34.

Table 33, attribute table of stratum 17

Class Area (km?) Land type Soil type N input(kghneer) Climate region
1 4,6E+04| nature sand 0-50 Alpine
2 5,3E+04| nature sand 0-50 Atlantic
3 2,1E+05| nature sand 0-50 Boreal
4 1,2E+05| nature sand 0-50 Continental
5 5,5E+04| nature sand 0-50 Mediterranegn
Total area (km?) 4,9E+05
Climate region in stratum 17
B Vediterra O Alpine
nean 10%
11%
B Atlantic B Alpine
O Continent 11% B Atlantic

al O Boreal

9
25% O Continental

O Boreal B Mediterranean

43%

Figure 22, area stratum 17 covers in EU27

Table 34, Questionnaire for stratum 17
Annual N20 emission (kg N Hayr™)

Quartile 1
Median
Quartile 2
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Thank you very much for your answering and we realf want to

receive some remarks on the category of stratums ithe EU27 from

you.

Remarks:
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