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1 Selecting the sample

The sampling plots used for the HNV farmland survey were first identified in
their present form by the Federal Statistical Office in conjunction with the
Federal Agency for Nature Conservation (BfN) for use in a research and
development project, Monitoring von Vogelarten in Deutschland [Monitoring
of Bird Species in Germany] (Mitschke et al 2005). They can and are in fact
intended to be used for other long-term spatial surveys (Heidrich-Riske 2004:
1). Spatial selection of these sample plots is important as regards the chosen
extrapolation method. Thus, the methodology chosen for their selection,
drawing the sample, will be described first before going on to address the
modifications applied in the course of the HNV farmland survey.

Sampling plots should be chosen so that the data collected in them can be
used to identify with sufficient certainty the distribution of the measured
parameters across the entire survey area. The sampling plots used in the
Monitoring of bird species were designed as a stratified sample. That means
that the landscape to be surveyed is initially divided into homogeneous layers
and then it is determined how many sample plots should be contained in
each layer. The spatial distribution of the individual plots is determined within
these layers.

The selection of the current sample plots is described in detail by Heidrich-
Riske (2004). To establish the layers, two datasets were used which describe
the landscape. The first layer is the actual land use that can be identified
from the object categories in the Digital Landscape Model 1 : 25,000 (“Basic
DLM”"). The Basic DLM defines the individual objects in the landscape
according to categories which are broken down into polygons. The geo-
graphical basis consists of topographical maps on a scale of 1:5,000 (Ger-
man planimetric map) or 1:10,000 and orthophotos and photogrammetric
analyses on a scale of 1:5,000. The accuracy is three meters for linear and
10 meters for two-dimensional objects. The individual object categories in the
base DLM were combined for sample plot selection into six land use catego-
ries: 1 — arable, 2 — grassland, 3 — woodland, 4 — special crops (hops,
vineyards, etc.), 5 — special habitats (marshland, bogs and moorlands, fallow
land, and vegetationless areas), 6 — settlements. Waterbodies were not
considered when selecting the plots. The second layer are the ecoregions
which were developed in study for the Federal Environment Agency (UBA)
(Schréder and Schmidt 2001, Schroder et al. 2001). Using a GIS-based
approach, the parameters of potential natural vegetation (pnV), elevation
above sea level, soil type, annual evaporation, annual precipitation, annual
ambient temperature and global radiation from March to November (Schroder
et al. 2001: 56) were used to identify a total of 21 maximally homogeneous
ecoregions into which the entire surface of Germany was divided. Because
most of the available data were grid based, the end result is a grid with a
mesh size of 2 km? (see Fig. 1). These ecoregions partly correspond with
physiogeographic areas or groups thereof and are labelled accordingly.
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Fig. 1: Ecoregions of Germany

008 Alimark, Prignitz, Uckermark
- 012 Hochlagen der Mittelgebirge
- 018 Brandenburger Jungmorénenlandschaft
- 019 Leipziger Tieflandsbuch
020 Mecklenburger Seenplatte
022 ost- und nordfriesische Marsch
[l 026 schwabische Alb
- 030 Séichsische Bérden
- 042 niederséchsische Geest und westfalische Tieflandsbucht
043 schleswig-holsteinische Geest und Lineburger Heide
- 046 schleswig-holsteinische und mecklenb. Jungmoréne
- 047 niedersachsiche Bérden, Rheinland und Oberrheintal
054 Allgéu und Hochalpen
- 055 Alpenvorland
056 bayerisches Hiigelland und frénkisches Keuper-lias-Land
- 057 kristalline Mittelgebirge
- 058 Frankische Alb
062 Rheinisches Schiefergebirge und sidwestdeutsche Schichtstufenlandschaft
- 063 schwabisches Schichtstufenland
- 118 Lausitz und Thiiringer Schiefergebirge

119 Schotterterrassen des Alpenvorlands und Keuperbergland

With the two layers, both current land use and the long-term location-specific
conditions for Germany are described. The sample plots were selected by
combining the two sets of data: they comprise some 1.94 million polygons.
Each polygon is assigned a clear stratum information in the form [land use
category]-[ecoregion]: the label “3—-058” for a polygon stands for the stratum
combination “woodland”/’Franconian Jura”.

Prior to drawing the sample plots, it was determined that the sample for the
national survey should contain 1,000 sample plots (nhational sample) and
2,637 for the Lander or state-level survey. The following describes the
procedure for collecting the national sample, the drawing of the state-specific
sample was performed accordingly with the respective state as an additional
stratum. The steps involved in drawing the sample were as follows:

1. It was determined how many plots should be contained in each of the
six land-use categories in the base DLM. The sample plots were not dis-
tributed proportionally across the land-use categories, i.e. the number of
sample plots per land-use category does not match the area of the re-
spective category relative to the whole of Germany. Consideration was
also given to how homogeneous the individual categories are and to en-
suring that each category contains sufficient sample plots to secure sta-
tistically reliable results (Heidrich-Riske 2004: 8). Thus, the land-use
categories special crops, special habitats, and settlements were as-
signed more sample plots relative to their share of land, while the cate-
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gories arable and woodland received less.

Distribution of all sample plots in a land-use category proportional to the
land area for the ecoregions. This means that, for example, the 200
sample plots in the grassland land-use category were distributed across
the 21 ecoregions so that the number of sample plots per ecoregion
matched their share of grassland relative to the whole of Germany. With
13 percent of German grassland, the biggest ecoregion (62) was ac-
corded 26 grassland sample plots. The small ecoregion 30, with the
lowest grassland share of 1.4, was accorded two grassland sample
plots. This determined the number of sample plots to be distributed for
each combination of the two layers (land-use categories and ecoregion).

Spatial determination. Positioning of the sample plots was not carried
out with the final 1 km2 squares, but initially with point data. As a first
step, all points for one stratum were stochastically distributed among all
areas belonging to this stratum. The location of the sampling points
within the individual polygons was then determined using random coor-
dinates. Finally, square sample plots were constructed from the sample
points, with their boundaries having identical north or east coordinates in
the third meridian under the Gauss-Kriiger projection here used.!

The sample plot selection methodology described above results in the
individual layers not being represented in proportion to the area of land within
the sample plots. Apart from the different quantities in the individual land-use
categories (Selection Step 2), another important point in this respect was that
by using the selection model, only the midpoints of the sample plots can be
uniquely matched to only one polygon in the sample population. By default,
the 1 km? sample plots comprise many different types of land that cannot be
assigned to the same layer (see Fig. 2).

L In other projections, these sample plots therefore appear slightly tilted.
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Fig. 2 Stratification in an HNV sample plot

The land-use categories in the base DLM are shown on the left using
colours, and the ecoregions (STO) using labels. The corresponding aerial
photo of sample plot bw310 is shown on the right. The cross marks the
centre of the plot used to classify the layers during selection. The sample plot
was selected for layer 3—012.

Aerial photo: © LGL Landesamt fir Geoinformation und Landentwicklung Baden-Wirttemberg
(www.lgl-bw.de) Az.: 2851.9- 1/19

adopted from the "spatial information and planning system (RIPS)” of the Landesanstalt fir Umwelt,
Messungen und Naturschutz Baden-Wirttemberg (LUBW) (rips-uis.lfu.baden-wuerttemberg.de )

The sample plot (bw310) shown above was originally selected in its entirety
(i.e. measuring 1 km?) for layer 3—012. The actual layer proportions are,
however, significantly more varied:

Layer: 1 — Arable 2 — Grass- 3 —Wood-

land land
Ecoregion 12 0.08 km2 0.01 km2 0.45 km?
Ecoregion 56 0.28 km?2 0.09 km?2 0.09 km?

Because the proportions within the individual layers do match those of the
same layers relative to the whole of Germany, these distortions must be
considered for extrapolation purposes. This is all the more relevant because
the sample plots used in the HNV survey do not exactly match the selection
originally proposed (see next section).
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2 Selecting the sample plots for the survey

In the research and development project Entwicklung des High-Nature-
Value-Farmland-Indikators [Developing the High Nature Value Farmland
Indicator] (Oppermann et al. 2008) — as a forerunner to the project presented
in this paper — it was suggested to only survey plots containing more than
five percent of agriculturally used land. This represents 2,357 sample plots
(Oppermann et al. 2008: 107). The ultimate proposal to implement the
indicator was agreed at a meeting at BfN on 10 and 11 January 2008, and at
a meeting of the Lander extensification experts on 2 and 3 April 2008 at the
Federal Ministry for Food, Agriculture and Consumer Protection (BMELV),
and was documented in writing on 8 May 2008. It was decided that “given the
simplicity of the issue addressed, the number of sample plots can be reduced
for the HNV survey” (loc. cit. p. 3, Footnote 1), and only the national sample
plots with more than five percent of open countryside should be used —
making for approximately 900 sample plots.

In the end, 871 sample plots were surveyed in 2009. Whereas two Lander
decided to sample more plots than originally envisaged, on Land only started
surveying in 2010, resulting in a slightly lower number of sample plots than
planned.
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3 Extrapolation methodology

3.1 Basic model

When surveying the sample plots, the HNV farmland in the natural environ-
ment was identified and then digitised as plots (polygons). This identified the
entire area comprising HNV farmland within the sample plots (categorised by
HNV types and value levels). The extrapolation serves in calculating an
estimate from this figure for the unknown overall area of HNV farmland within
the respective reference area (Germany or one of the Lander).

In a random sample, it is assumed that each element has the same selection
probability. With a sufficiently large number of samples, the distribution of
various characteristics within the sample is relative to the distribution of the
same elements in the overall sample population. For a spatially random
sample, this means that all elements in the landscape (e.g. land use forms)
are contained in the sample with the same or similar proportions. If the HNV
samples are chosen completely at random, the total HNV area can be
identified as sample plots simply by multiplying the surveyed HNV plots by
the reference plots.

The HNV sample is, however, not a simple random sample, but a stratified
one (the three strata being states, DLM use category, and ecoregion). Only
within a stratum can a random distribution of the sample plots be assumed.
For extrapolation purposes, it is necessary for the entire reference area to
consider that for the reasons outlined in sections 1 and 2, the number of
layers in the sample plots will differ from those in the entire reference area.
An overview of the stratum areas in the sample plots used and across the
entire reference area is shown in Tables 3 and 4 (see annex). The extrapola-
tion is based on the fact that for each stratum, the (unknown) total area of
HNV farmland has the same ratio to the surveyed HNV farmland in the
sample plots as the area of the entire stratum has to the area of the stratum
in all sample plots. Expressed mathematically:

Fl inv s Flsc
G — ; (Equation
Fl inv s Fls 1)
PE PE
where:

Fl unv s HNV plots in the entire area unit (G) and for one stratum (S)

Fl unv s pr Mapped HNV areas in the stratum under consideration (S) in all
sample plots (SP)

Flsc Area of stratum S in the entire area unit (G)

Fl spr Area for stratum S in all sample plots (SP)
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By transformation, the following equation is arrived at for extrapolation of the
unknown figure Fl ynv s 6!

Fl tnvse = Flanv s Flsg (Equation
PF X Flspr 2)

The extrapolation using Equation 2 can be explained using the following
example. In Hesse, layer 2—062 (grassland in ecoregion 62 Rheinisches
Schiefergebirge und stidwestdeutsche Schichtstufenlandschaft), 153.61
hectares of HNV plots have been surveyed. Layer 2—062 in Hesse comprises
a total of 176,682.71 hectares. In all sample plots in Hesse, the current
survey takes in 426.85 hectares for layer 2-062. Applying these values in
Equation 2, the result is:

FIl uny (2-062 HE) = 153.61 ha 176,682.71 ha
x 426.85 ha

=63,582.60 ha

To identify all HNV farmland (Fl ynv ) for a specific area (e.g. Germany), the
extrapolated HNV areas for the various layers are added together (Equation
3):

Fl inv e = Fl inv s 6 5 (Equation 3)

The last step in the extrapolation method involves calculating the estimated
total share of HNV farmland in all farmland. For farmland in the R&D project,
the layers 1 (arable) and 2 (grassland) from the base DLM are used. Thus,
the value of the HNV basic indicator (Bl ynv) is derived with a final calcula-
tion:

B _ Flunwe ; (Equation
NV SR )

In this equation, Fl . represents the total area of all layers which according
to the Basic DLM are arable or grassland. For the 2009 survey of the Ger-
man states, this adds up to 16,453,469 hectares. In 2008, the farmland as
defined by the Federal Statistical Office comprised 16,926 km? (Federal
Statistical Office 2009: 328), meaning that the farmland figure used here is
2.8 percent smaller. However, only 16,751.7 kmz2 of the farmland is ac-
counted for by arable and grass land (Federal Statistical Office 2009: 338)
and the rest by special crops. This reduced the difference between the size
of the two areas to 1.8 percent. The basis for the data published in the
annual statistics is supplied by the agricultural structures survey which is
based on farm surveys. The DLM data are, by way of contrast, based on an
assessment of land use using topographical maps and in some instances
aerial photographs. Given these methodological differences, the marginal
difference in the reference area probably lies within the applicable margin for
error.
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It was originally planned to count DLM layer 4 special crops as farmland.
However, in Germany this layer is only represented by 2,471 km?2. This meant
that this layer could not be considered to the same extent as the other DLM
layers (Heidrich-Riske 2004: 7). Given the low number of samples, extrapola-
tion of the HNV farmland for this layer is subject to serious error (see below).
It is thus proposed that the HNV farmland in this layer should not be included
in the HNV basic indicator.

The methodology described to extrapolate the basic indicator from the survey
data can also be used for sub-data, for example for individual HNV types
(grassland and arable) or nature value levels. Limitations arise, however, due
to the respective small size of the samples from what are in some instances
greater error tolerance ranges (see below).

3.2 Calculating the sampling error

Each figure arrived at from the samples deviates more or less significantly
from the value that would be arrived at when calculating the overall popula-
tion. The difference between the estimate sample value and its actual value
is described as a sampling error. Estimating this sampling error is an impor-
tant measure in assessing the accuracy of the sampling method.

In contrast to most of the questions posed in the sampling process, the
extrapolated estimate for the HNV indicator is not an average but a sum: the
estimate involves the entire area of HNV farmland within a given layer. The
variance for the estimate  of a sum (in this case: the estimated total HNV
farmland in a layer) is determined using the following equation (for more on
this see, for example, Fuller 2009: 32; for details of its application in agricul-
tural statistics see Potterat 2005):

r 1 .
= 2 _ ) - Qo
Var( ) N (1 N ) ; S (Equation 5)

where:
N: Total area of the stratum on the reference plot
r: Total area of the stratum in all sample plots monitored
2- 1 2
St 3 (y — MW(y))
where:
y The variable (the sum of surveyed HNV farmland per sample plot)

MW ((y)Average of y across all sample plots in the layer.
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The absolute sample plot random error sy(Fl ynv ) = S( ) for the extrapolated
estimate across all layers Fl yny 6 is derived using the following equation:

suFl ) =s( )= ( var( )™ (Equation 6)

As a result, the relative random sampling error sgr(Fl unv ) @s a proportion of
the absolute random sampling error in the estimated value is:

su(Fl
SR(Fl knv ) H G)HNV

; (Equation 7)
Fl inv e

Hence, the relative random sampling error for the extrapolated HNV portion
of the farmed land, meaning the basic indicator Bl ynv, is:

SR(B| HNV) = SR (F| HNV G) X Bl ynv; (Equation 8)

The error estimation method described above is based on a number of
assumptions which are not necessarily given in the HNV sample data. In
particular, the input data y, meaning the surveyed HNV farmland per sample
plot, should generally following a normal distribution. However, according to
the Central Limit Theorem, this requirement can be neglected in large
samples, but in practice a number of at least 30 samples usually serves as a
threshold. According to current HNV farmland survey results, only 18 of 254
or seven percent of all strata have been surveyed in 30 or more sample plots,
and for half of the strata only a maximum of five sample plots have been
surveyed (see Fig. 3 below).

Fig. 3: Frequency distribution of the number of sam ple plots in
which each stratum (German state — DLM land-use cat  egory —
ecoregion) has been surveyed
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An assessment for normal distribution is almost impossible for layers with few
samples. The evaluation of the layers with a high number of samples allows
the assumption that in such cases, the HNV farmland per sample plot does
not follow a normal distribution. Rather, numerous sample plots show low or
only a few high percentages of HNV farmland.

In recent decades, a range of statistical methods have been developed which
allow the measurement of variances for sampling results in which the
described conditions do not apply. The most important is the bootstrap
method, in which the empirical distribution function of the sample is the focal
point and not, as with the methodology described above, a theoretical
distribution function with appropriate conditions. The basis for the bootstrap
method is to identify from the values of an existing sample of size n a large
number (usually 1,000 or more) of samples with replacement, likewise of size
n. The qualification ‘with replacement’ is important here: it means that each
sample value can be drawn zero, one or multiple times in the bootstrap
sample. The estimate — in this case the total sum of the sample — is arrived at
from each of these new samples and from it the distribution parameter is
found for this estimate, as with the sampling error (for an introduction to the
underlying principles see, for example, Section 14 in Moore et al. 2009).

To verify the identified random sampling values, a second error search was
conducted using the bootstrap method. The calculations were done using the
R software programme (R Development Core Team 2009) and the Boot
package (Canty & Ripley 2010), which applies the methods published by
Davidson and Hinkly (1999). This involved identifying 1,000 bootstrap
samples? for each layer, and calculating the variance of the average from
these samples. Using the addition rules for variances (see, for example,
Rudolf and Kuhlisch 2008: 61), the variance for multiplication of a random
variable y with a constant k is arrived at thus:

Var(yk) = k2 x Var(y); (Equation 9)

For extrapolation of the HNV indicator using Equation 2, this means:

Flsg )2
Var(FI HNV S G) = Var(FI HNV ( F|SSG ]
B) X oF

; (Equation 10)

Whereby Fl 4wy g stands for the plot sum of a given stratum which was
calculated using the bootstrap method (for other parameters see Equation 2).

The two error calculation methods can be illustrated using the earlier exam-
ple of stratum 2—062 in the state of Hesse. This stratum is represented by a
total of 25 sample plots with surveyed HNV farmland (the data for the sample
plots is shown in the Annex in Table 5). The total HNV farmland per sample

2 Tests with 10,000 samples did not produce significantly different results but took far longer to run.
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plot ranges from 0.01 to 29 hectares, although most sample plots show HNV
farmland measuring between one and ten hectares. The total area of HNV
farmland across all samples amounts to 153.61 hectares, with an average of
6.14 hectares. The estimate for the total HNV farmland in the layer is
63,582.60 hectares (see page 11). Applying Equation 5 gives a total variance
for the estimate of 124,312,227.17. The absolute random sampling error,
found as the square root of the variance, is 11,149.54 hectares, which
represents a relative error of 17.5 percent.

The average of the plot sums in a bootstrap iteration with 1,000 samples
resulted in 152.84 hectares and is thus 0.5 percent lower than the actual
value.® The distribution of the 1,000 plot sums calculated is shown in Fig. 4.
The variance for this sample is 868.92 and thus the standard deviation is
29.48 hectares or 19.3 percent of the average.

Fig. 4 Distribution of 1,000 plot figures from a bo  otstrap sample for
layer 2—-062 in Hesse
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In the example outlined above, a bootstrap with 1,000 samples resulted in
the same random sampling error as with the calculations arrived at using
Equation 5. This outcome can be confirmed for all layers. When calculating
the HNV farmland for all sixteen German states, differences in the sampling
error for the HNV share amount to a maximum one tenth of a percentage
point.

3 All values from a bootstrap iteration are based on a random process, meaning that slightly different
values would be achieved on second and subsequent iterations. The figures stated should thus be
seen as examples only.
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Table 2:  Extrapolation of HNV values and errors fo  r the ecoregions
(numbering see Fig. 1).

HNV Values (extrapolated) sample error according to Equation 5 Bootstrap Error

Area [hectares] share absolute [ha] relative absolute [ha] relative
008 168.059,60 19,7 % 29.375,16 17,5 % 29.560,51 17,6 %
012 148.030,77 20,3 % 19.694,37 13,3 % 19.499,92 132 %
018 118.730,50 12,7 % 15.719,85 132 % 15.913,25 134 %
019 144.075,47 16,0 % 23.471,54 16,3 % 23.41491 16,3%
020 174.098,73 23,7 % 28.801,09 16,5 % 27.832,02 16,0%
022 80.489,44 15,8 % 24.132,76 30,0 % 23.383,20 29,1%
026 60.487,24 14,9 % 14.246,37 23,6 % 13.813,33 228%
030 63.766,71 8,4 % 9.192,40 14,4 % 9.172,28 144 %
042 190.648,72 10,6 % 24.736,69 13,0 % 24.209,75 12,7 %
043 204.520,91 13,3 % 24.952,51 12,2 % 24.706,37 12,1%
046 76.974,34 7,0 % 13.198,96 17,1 % 13.328,22 17,3 %
047 128.551,05 8,3% 14.510,35 11,3 % 14.675,00 114 %
054 36.537,36 15,1 % 10.137,07 27,7 % 10.166,11 27,8 %
055 43.536,18 13,4 % 10.517,82 24,2 % 10.615,63 244 %
056 124.147,88 10,7 % 15.641,36 12,6 % 15.638,65 12,6 %
057 61.052,21 12,7 % 8.274,00 13,6 % 8.19509 13,4 %
058 61.116,58 12,3 % 11.077,91 18,1 % 10.943,00 179%
062 321.466,24 14,4 % 23.705,85 7,4 % 23.578,54 7,3%
063 82.716,50 18,8 % 12.187,44 14,7 % 12.293,38 149%
118 122.584,54 15,1 % 20.049,66 16,4 % 20.114,63 16,4 %
119 98.799,36 7.3% 11.430,75 11,6 % 1154594 11,7%
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5 Annex

Table 5: Data and calculations for the sampling err  or in the example
of layer 2—062 in Hesse (area shown in hectares)

Sample HNV Area Variance
Plot y (Y- MW(y))?
he7 1.6162 20.5041
hell 2.0030 17.1508
hel7 1.6442 20.2515
he22 6.5726 0.1834
he37 4.9627 1.3963
he46 3.5143 6.9173
he47 6.4574 0.0980
he67 1.5613 21.0046
he68 0.8776 27.7394
he71 7.2331 1.1854
he73 11.5810 29.5569
he85 10.2354 16.7362
he86 5.6864 0.2097
he89 7.1367 0.9847
hel04 8.1172 3.8922
hel08 29.2396 533.3889
hel09 10.0821 15.5057
hell4d 0.5994 30.7469
hell6 1.9134 17.9015
hel22 2.2410 15.2363
hel29 0.0098 37.6329
hel30 12.4352 39.5738
hel39 3.2446 8.4085
hel50 10.5166 19.1162
hel54 4.1287 4.0630
Sum Total 153.6095 889.3841
Average 6.1444
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