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Abstract Grazing of grasslands changes soil physical
and chemical properties as well as vegetation character-
istics, such as vegetation cover, species composition and
biomass production. In consequence, nutrient allocation
and water storage in the top soil are affected. Land use
and management changes alter these processes. Knowl-
edge on the impacts of grazing management on nutrient
and water fluxes is necessary because of the global
importance of grasslands for carbon sequestration. Soil
water in semi-arid areas is a limiting factor for matter
fluxes and the intrinsic interaction between soil, vegeta-
tion and atmosphere. It is therefore desirable to
understand the effects of grazing management and
stocking rate on the spatial and temporal distribution of
soil moisture. In the present study, we address the
question how spatio-temporal soil moisture distribution

on grazed and ungrazed grassland sites is affected by soil
and vegetation properties. The study took place in the
Xilin river catchment in Inner Mongolia (PR China). It is
a semi-arid steppe environment, which is characterized
by still moderate grazing compared to other regions in
central Inner Mongolia. However, stocking rates have
locally increased and resulted in a degradation of soils
and vegetation also in the upper Xilin River basin. We
used a multivariate geostatistical approach to reveal
spatial dependencies between soil moisture distribution
and soil or vegetation parameters. Overall, 7 soil and
vegetation parameters (bulk density, sand, silt and clay
content, mean weight diameter, mean carbon content of
the soil, vegetation cover) and 57 soil moisture data sets
were recorded on 100 gridded points on four sites
subject to different grazing intensities. Increasing
stocking rates accelerated the influence of soil and
vegetation parameters on soil moisture. However, the
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correlation was rather weak, except for a site with high
stocking rate where higher correlations were found.
Low nugget ratios indicate spatial dependency between
soil or plant parameters and soil moisture on a long-term
ungrazed site. However, the effect was not found for a
second ungrazed site that had been excluded from
grazing for a shorter period. Furthermore the most
important soil and vegetation parameters for predicting
soil moisture distribution varied between different
grazing intensities. Therefore, predicting soil moisture
by using secondary variables requires a careful selection
of the soil or vegetation parameters.

Keywords Soil moisture .Multivariate geostatistics .

Spatial dependency . Grazing . Grassland

Introduction

Grassland ecosystems cover 30–40% of the global
land surface. According to White et al. (2000), soils
and vegetation of grassland ecosystems retain approx-
imately 35% of the terrestrial carbon (C) stocks.
Global warming and a change in land use management
may alter the C storage and sequestration capacity of
these ecosystems. More intensive agricultural usage or
an increase in sedentary pastoralism promotes the
degradation of grasslands (Sneath 1998), e.g. by a
decrease in rain use efficiency (that is, the ratio of net
primary productivity to precipitation) (Le Houérou
1984; Noy-Meir 1985), changes in plant composition,
and an increase in wind and water erosion (Gao et al.
2002; Li et al. 2005; Hoffmann et al. 2008a). This will
in turn increase the release of C into the atmosphere
and amplify global warming (Schlesinger et al. 1990;
Ojima et al. 1993). Although the world’s grasslands
have been identified as an important component of the
global C cycle and hence influence the global climate,
the spatial extent of grasslands is decreasing due to
ongoing grassland degradation and the conversion to
croplands which is accompagnied by a decrease in C
content (White et al. 2000).

Humans strongly influence grassland ecosystems
through pastoralism and tillage. Turning from nomad-
ic to sedentary pastoralism changes the local grazing
management, which in turn affects the carrying
capacity of grasslands. However, the effects of
grazing on key environmental variables such as C,
nitrogen (N) and water storage in grasslands remain

ambiguous. Milchunas and Lauenroth (1993) and
Schuman et al. (1999) show that vegetation compo-
sition and biomass production are negatively affected
by grazing. In contrast, compared to ungrazed
systems, total C and N stocks in vegetation and soils
in grazed grassland systems remain stable or are
relocated from vegetation into soil pools. Giese et al.
(2009) found no clear effect of grazing on root and
shoot decomposition rates. In contrast, other studies
show a clear impact of grazing on C and N storage in
soils and vegetation as well as on water fluxes.
Steffens et al. (2008) report that grazing causes a
significant decrease of the total C, N and sulphur (S)
concentrations in the soil followed by a decreased
ecosystem performance. Also, the belowground net
primary productivity decreases under grazing and
affects the water and nutrient allocation through
plants (Gao et al. 2008).

Traditionally, the grasslands of Inner Mongolia were
grazed in a nomadic or semi-nomadic way and in
equilibrium with the natural productivity of this ecosys-
tem. Since the 1950s, herdsmen were forced to give up
their nomadic way of life and settle in small villages or
individual farms (Sneath 1998). At the same time,
livestock numbers increased (Kawamura et al. 2005).
Great parts of the region are now grazed continuously.
While nomadic pastoralism was based on sustainable
grazing management, permanent settlements with
locally high stocking rates pose a high grazing pressure
on the steppe regions. Reported effects of high grazing
pressure comprise a shift in vegetation composition
and cover (Tong et al. 2004), changes of soil physical
and chemical properties (Krümmelbein et al. 2006;
Zhao et al. 2007; Steffens et al. 2008; Hoffmann et al.
2008b), higher erodibility of soil by wind and water
(Gao et al. 2002; Hoffmann et al. 2008b), alteration in
carbon sequestration and in the release of greenhouse
gases (Liu et al. 2007; Holst et al. 2008).

Soil moisture controls the evolution of vegetation
cover and patterns, above and belowground biomass
production, soil erodibility, as well as the C and N soil
turnover processes. Soil moisture may be highly
variable over time and space. Soil moisture storage
is affected by topography, vegetation patterns and soil
texture, to name only a few, and soil moisture
distribution is governed by the interaction of these
factors (Grayson et al. 1997; Western et al. 1999;
Cantón et al. 2004). The spatial distribution of soil
moisture and the degree of connectivity indicate
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where preferential flow pathways may be generated.
The evolution of soil moisture patterns differ depend-
ing on wet or dry conditions. Western et al. (1999)
show that soil moisture patterns tend to be more
organized under wet conditions (organized patterns)
than under dry conditions (unorganized patterns),
indicating that the factors controlling soil moisture
vary under different soil moisture conditions. Soil
properties and vegetation characteristics vary spatially
and hence influence soil moisture storage and the
evolution of soil moisture patterns spatially and
temporally. Results from previous studies suggest that
a spatially distributed approach is necessary to fully
understand the plant-soil-water interaction at different
scales and to eliminate biased results due to a too
small number of samples.

As pasture management affects soil and vegeta-
tion properties, different grazing management might
not only lead to changes in soil moisture storage,
but also affect the factors influencing the spatial
distribution of soil moisture patterns. Soil moisture
is a key variable governing processes in the vadose
zone which influence matter fluxes at the plant-soil
interface. Hence, it needs to be clarified how
grazing alters these processes not only quantitative-
ly, but also how it affects the spatial expression and
dependencies of these processes. Therefore, the
effect of stocking rate on soil and vegetation
characteristics, their interaction and their spatial
variability influencing the spatio-temporal evolution
of soil moisture need to be analyzed. Multivariate
geostatistics is a tool to explore the spatial dependencies
of interacting variables. The technique evolved
from univariate geostatistics, which quantifies the
spatial correlation of a single variable that is
spatially distributed. The resulting variogram func-
tion indicates the degree of variability as subject to
spatial separation. It can be used to interpolate the
data to unsampled locations (Heuvelink and Webster
2001; Webster and Oliver 2001; Wackernagel 2003;
Lark 2003).

With this paper, we aim to clarify the spatial
dependency of soil moisture and its driving soil
and vegetation factors as subject to stocking rate.
Cross-variograms for soil and vegetation parame-
ters have been discussed by Steffens et al. (2009)
in detail, so we concentrate on spatial dependen-
cies of soil moisture and soil/vegetation parameters
in this paper. A multivariate statistical and geo-

statistical approach was used to test our central
hypotheses:

(1) there is a correlation of soil and vegetation
indicators that govern the soil moisture distribu-
tion at different stocking rates,

(2) the correlation between these parameters and soil
moisture is dependent on soil moisture condi-
tions: the higher the soil moisture, the better are
the correlations, and

(3) spatio-temporal correlations between soil and
vegetation parameters and soil moisture exist,
and differ between grazing intensities.

Material and methods

Study area

The study took place on experimental sites in the
Xilin river catchment, located 500 km north of
Beijing in the Autonomous Region Inner Mongolia
(PR China). The sites are located at approximately
43°33′ N, 116°40′ E (Fig. 1). Climate in the
catchment is semi-arid continental with a mean annual
precipitation of about 340 mm and a mean tempera-
ture of 0.7°C (data from 1982 to 2006 provided by
Inner Mongolian Grassland Ecosystem Research
Station IMGERS). Precipitation shows a marked
seasonality with 70–80% of the annual precipitation
during the vegetation period from May to September.
The mean annual temperature amplitude ranges from
−23°C (winter) to +18°C (summer). The climate
favours a steppe environment with a natural potential
Stipa grandis and Leymus chinensis vegetation and
calcic Chernozems (Tong et al. 2004; Steffens et al.
2008). The number of permanent settlements and the
number of livestock increased during the last decades
(Kawamura et al. 2005), causing increased grazing
pressure on the steppe ecosystem and degradation of
soil and vegetation (Tong et al. 2004).

To assess the effect of stocking rate on the spatial
distribution of soil properties, vegetation character-
istics and soil moisture, and the interaction and
influence of these on each other, a geostatistical
sampling approach was followed on four sites with
different grazing management. Two grazed sites
represented different stocking rates expressed in sheep
units SU per hectare and year (1 SU is 1 ewe and 1
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Fig. 1 Location of sampling sites at the Inner Mongolian Grassland Ecosystem Research Station (IMGERS)
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lamb): heavily grazed (HG) with a stocking rate of 2.0
SU ha−1 a−1, and continuously grazed (CG) with a
stocking rate of 1.2 SU ha−1 a−1. The selection of
experimental sites was done in cooperation with
IMGERS, which also provided information on
stocking rates. The two ungrazed sites have been
fenced and excluded from grazing for different
periods: ungrazed since 1979 (UG79), and ungrazed
since 1999 (UG99). The HG and CG grazing sites
are grazed all year round, although at different
frequencies between winter and the vegetation
period in summer. The sites were grazed daily
during the vegetation period. During winter, grazing
occurs less frequent and is only done in addition to
hay feeding. HG and CG represent different, typical
types of grazing management practiced in the Xilin
catchment.

Sampling design

A geostatistical sampling grid was set up on each of
the four sites with a total of 100 points per site
(Fig. 1). Each grid covers an area of 105×135 m with
a regular point spacing of 15 m (80 points) and five
nested areas with a 5 m spacing (20 points). Soil
moisture in the upper 0.06 m was measured a total of
57 days on each grid during the vegetation period
from 2004 to 2009. The measurements were taken
with a hand-held soil moisture probe (ML2x theta
probe, Delta T Devices Ltd, Cambridge UK). The
measurement days were chosen to capture rainfall
events and subsequent drying of the soil, i.e. soil
moisture was measured after precipitation and the
following days. In dry periods with no precipita-
tion, soil moisture was measured less frequently.
Bulk density, soil texture, mean weight diameter
(MWD), mean C content and vegetation cover were
sampled in June and July 2004 at all sites with the
exception that for CG, no data on vegetation cover
and MWD is available. At each grid point, three
soil samples from the upper 0.04 m of the soil were
taken with stainless steel cylinders (100 cm³) and
bulked. Bulk density was calculated by dividing the
mass of the oven-dry soil by the core volume.
Mean C content was analysed by dry combustion
on a Vario Max CNS element analyser (Elementar
Analysensysteme GmbH, Hanau) (Steffens et al.
2008). Soil texture was measured by wet sieving for
the fractions between 63 and 2000 μm, followed by

the pipette method for smaller fractions. MWD was
calculated by

MWD ¼
Xn

i¼1

xiwi ð1Þ

Xi is the mean diameter of the texture class and wi

represents the percentage of this texture class (Hillel
1998). MWD allows a comparison among the
different particle size fractions of an aggregate.
Vegetation cover was visually estimated from top
view within a 1 m² rectangular. Further description
of the survey and analysis of the soil and vegetation
parameters is given in Hoffmann et al. (2008a),
Schneider et al. (2008), Steffens et al. (2008) and
Steffens et al. (2009). Annual measurements of soil
and plant properties were not feasible in the frame of
the study. However, the soil properties and the
relative difference in vegetation cover between the
sites are assumed to be stable over the study period
from 2004 to 2009. Soil and vegetation data
analysed in 2004 were used for correlation and
covariance analysis with soil moisture data sam-
pled between 2004 and 2009. Descriptive statistics
of the parameters used for the analysis are given
in Table 1.

Exploratory data analysis

We investigated the relationships between soil mois-
ture and various soil and plant parameters at each
point over 57 days (number of soil moisture sampling
days). Correlation coefficients were calculated for
every day at all sites resulting in 57 correlation
coefficients for each of the parameters. To determine
whether the influence of each soil parameter between
different soil moisture conditions (dry: < 0.1 m3 m−3,
moist: 0.1–0.2 m3 m−3, wet: > 0.2 m3 m−3) varies, we
regressed the correlation coefficients with the mean
soil moisture at each site. To check whether soil
properties changed during the study period from 2004
to 2008, we analyzed whether correlations between
soil moisture and soil parameters changed.

Geostatistical analysis

The relation of data points in dependency of their
separation was explored by a geostatistical analysis.
The analysis was done in the environment of the
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software R (R Development Core Team 2004) and the
implemented geostatistic package GSTAT (Pebesma
and Wesseling 1998).

The spatial dependency of sampling points sepa-
rated by lag distance h is given by the experimental
variogram. It is expressed by the semivariance g(h) at
a given lag h (Webster and Oliver 2001; Wackernagel
2003):

gðhÞ ¼ 1
2N

XN

i¼1

z xið Þ � z xi þ hð Þf g2 ð2Þ

where z(xi) is a sample z at location xi, and N is the
number of data pairs. A variogram function is fitted to
the experimental variogram to explore the spatial
dependence of the samples. The maximum semi-
variance is called the sill. Unless the semivariance
increases linearly and does not flatten, the sill marks
the distance (range) at which no further spatial
correlation exists. High sill values indicate high
variance within the data set, and the range determines
the directional degree of spatial variation. A semi-
variance > 0 at lag=0 (the nugget) indicates that small
scale variation of the sampled entity exists which
has not been captured by the measurements. In case
no spatial correlation of the data exists, the vario-
gram is entirely flat (nugget variogram). To explore
the degree of spatial dependency, the ratio of
nugget semivariance to total semivariance (that is,
the nugget ratio) can be calculated. Low numbers
(i.e. < 0.25) indicate that nugget semivariance is
low compared to overall semivariance and hence
spatial dependency of the variables, whereas high

nugget ratios (i.e. > 0.75) indicate no spatial
dependency due to small-scale variability overlay-
ing a signal at larger scale (Cambardella et al.
1994). Geostatistics is used to explore the variation
and spatial dependency of spatially distributed data.
The variogram function can be used for kriging
interpolation to generate predictions for unsampled
locations within the sampling extent.

Because more than one variable has been sampled,
a multivariate geostatistical approach was used to
identify the driving factors which lead to a specific
spatial distribution of soil moisture. Thus, the spatial
dependency of soil moisture content and the soil and
vegetation parameters can be explored in order to
explain soil moisture patterns and soil moisture
variability. In correspondence to the univariate semi-
variance analysis, the cross-variogram gives the
correlation of two variables depending on their
separation from each other:

gabðhÞ ¼
1

2N

XN

i¼1

fzaðxiÞ � zaðxi þ hÞg � fzbðxiÞ � zbðxi þ hÞg

ð3Þ
where gab(h) is the cross-semivariance at lag h for two
different variables a and b (Wackernagel 2003). gab(h)
values were binned at lag h, and the model fit was
weighted according to the number of data pairs
available. I.e. the modelled cross-semivariogram is
more accurate at bins with a higher number of data
pairs. The fitting was done using a spherical model as
this provided best results with respect to mean
squared error. A positive spatial relation of the two

Table 1 Overview over measured soil and vegetation parameters used for the multivariate (geo-) statistical analysis (compiled from
Steffens et al. 2008, 2009; Hoffmann et al. 2008a)

Ungrazed since1979
(UG79)

Ungrazed since
1999 (UG99)

Continuously grazed
(CG)

Heavily grazed
(HG)

Stocking rate (sheep units ha−1 a−1) 0 0 1.2 2.0

Bulk density [g cm−³] 0.94 1.09 1.17 1.28

Texture [mg g−1]

Sand 491 467 494 681

Silt 349 370 334 209

Clay 161 163 171 110

Mean weight diameter [mm] 131 109 – 100

C [mg g−1] 31.0 25.5 23.0 17.0

Vegetation cover [%] 76 68 – 69
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variables is given when gab(h) increases with
increasing lag, whereas decreasing gab(h) indicates
an inverse spatial relation of the two variables.
Cross-variograms were computed for all 57 soil
moisture sampling dates and all measured soil and
vegetation parameters. As not all data can be
presented in this paper, data for 17-08-2004 is shown
as an example.

Results

Exploratory data analysis

The range of the correlation coefficients for all
sampling dates is displayed in Fig. 2. Almost all
correlations are weak (correlation coefficient <= 0.4).
No significant correlation was observed at the
continuously grazed sites (CG) and the ungrazed sites
(UG) while at the heavily grazed sites (HG) the
correlation coefficients between soil moisture content
and bulk density, mean soil C content and texture
parameters where somewhat higher. However, strong
correlations (correlation coefficient >=0.75) as
expressed by the 95% percentile could only be found
for silt on the HG site. On all other sites, neither
strong correlations nor differences between the soil
conditions exist. In the wetness classes dry, moist, and
wet, correlations between soil moisture and soil
properties did not change significantly in the course
of the study period (data not shown). Soil properties
on the experimental sites obviously did not change
significantly in the course of the 6 years of the study
period and we therefore assume that effects on soil
moisture storage are neglectable.

The coefficient of determinatation, intercept, slope,
p-value and significance of daily soil moisture versus
correlation coefficient at each site and for each
parameter are listed in Table 2. The results show only
weak goodness-of-fits for all linear models. Highest
R2 values (>30%) are mainly found on HG, i.e. for
sand, silt, clay and mean C, and also on UG99 for
bulk density, clay and mean C. Large slope values
indicate that different soil moisture conditions affect
the significance of soil and vegetation parameters on
the variation of soil moisture content. Large slope
values (>|2|) only exist on HG sites, i.e. for MWD,
sand and silt. As descriptive statistics and regression
analyses cannot satisfactorily explain the observed

variations of soil moisture content in space and time,
we conducted a multivariate geostatistical approach to
better explain our observations.

Multivariate geostatistics

The fitted cross-variograms for 17-08-2004 are given
in Fig. 3. For most variable pairs, cross-semivariances
are positive, and they increase with increasing lag on
this date. However, some variable pairs show de-
creasing cross-semivariances with increasing lag. This
is in particular true for bulk density and mean C on
the CG site, and for sand on the HG site. Other
variable pairs show a nugget-type cross-variogram,
i.e. no changes of the cross-semivariance with increas-
ing lag, as for clay and silt on the CG site and for silt on
the UG99 site. The cross-variograms for vegetation
cover are scattered and do not show an increasing or
decreasing trend with increasing lag. Increasing cross-
variances indicate that the spatial variability of the
respective parameter is positively related to the spatial
variability of soil moisture, and that spatial structures
between each of the two variables exist. Cross-
variograms calculated from soil properties show a more
pronounced spatial dependency than those calculated
from vegetation cover. Also, cross-variograms for
UG79 and HG provide more clear information on
spatial dependencies of the variables than those for
UG99 and CG. On UG79 and UG99, spatial dependen-
cy was found up to a lag distance of approximately
15–20 m for almost all coregionalized variables
indicating a spatial correlation of soil moisture and the
respective variables at this distance. From separations
greater than 20 m the influence of the variables on soil
moisture is weak. Although a correlation up to a lag of
20 m is indicated by the shape of the fitted cross-
variogram functions, the spatial dependency of some
coregonalization pairs is obscured by high nugget
values. For example, on UG99, the cross-variograms
for bulk density and sand show high nugget values and
only a relative small sill. Thus, small scale variation
might have more influence than the spatial dependency
of the coregionalization variables on a larger scale.
Furthermore, cross-variograms for vegetation cover on
UG99 and UG79 are scattered, and do not indicate
spatial dependency at all. Cross-variograms of the two
grazed sites CG and HG have a more heterogeneous
appearance. On CG, spatial dependency of mean C and
bulk density is apparent up to approximately 30 m.
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However, semivariance decreases with increasing lag,
which indicates that the spatial extent of the sampling
does not fit the scale of the spatial dependency of the
coregionalization variables. The cross-variograms of

sand, silt and clay content have a nugget shape. Hence,
no spatial structure is apparent. On HG, the cross-
variograms of sand, silt, clay, and mean carbon content
are not bounded, i.e. the maximum range of the spatial

Fig. 2 Boxplots of correla-
tion coefficients at each site
for soil moisture and every
soil and vegetation
parameter. The boxplots
summarize the correlations
for each of the 57 soil
moisture sampling dates.
(MWD mean weight
diameter, mean C mean soil
carbon content) Black bars
represent the median,
notches the 95% confidence
interval, and length of the
box the interquartile range,
i.e. the 25th and 75th
quartile. Whiskers show the
largest and lowest extremes
if there are no outliers, or
else, the largest and lowest
observation depicted by
circles. Outliers are
observations that
are >1.5 times away from
the interquartile range
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Soil/vegetation parameter UG79 UG 99 CG HG

Bulk density

R2 0.089 0.421 0 0.241

Intercept 0.097 0.129 −0.13 −0.113
Slope −0.543 −1.4 0.016 −1.282
p−value 0.0238 0 0.9363 1e−04
Significance 0.5 0.001 ns 0.001

Mean weight diameter

R2 0.159 0.001 – 0.153

Intercept 0.092 −0.033 – −0.149
Slope −0.908 0.037 – 0.581

p−value 0.0021 0.8431 – 0.0032

Significance 0.01 ns – 0.01

Sand

R2 0.147 0.264 0 0.368

Intercept 0.05 0.038 −0.158 −0.099
Slope −0.86 −1.073 −0.014 −2.241
p−value 0.0032 0 0.9475 0

Significance 0.01 0.001 ns 0.001

Silt

R² 0.114 0.187 0.02 0.385

Intercept −0.038 −0.022 0.07 0.067

Slope 0.75 0.847 0.18 2.334

p−value 0.0101 8e−04 0.3251 0

Significance 0.05 0.001 ns 0.001

Clay

R² 0.189 0.333 0.007 0.322

Intercept −0.074 −0.044 0.212 0.146

Slope 0.914 1.193 −0.152 1.766

p−value 7e−04 0 0.5571 0

Significance 0.001 0.001 ns 0.001

Mean C

R² 0.096 0.485 0.002 0.329

Intercept −0.107 −0.127 0.169 0.143

Slope 0.616 1.53 −0.057 1.736

p−value 0.0193 0 0.7718 0

Significance 0.05 0.001 ns 0.001

Vegetation Cover

R² 0.002 0.066 – 0.272

Intercept 0.032 −0.047 – 0.013

Slope −0.047 0.331 – 0.817

p−value 0.7581 0.0536 – 0

Significance ns 0.1 – 0.001

Table 2 R², intercept,
slope, p-value, significance
of daily soil moisture
versus correlation
coefficient for all soil and
vegetation parameters and
stocking rates
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correlation was not captured by the sampling design.
This also holds true for the cross-variogram of vegeta-
tion cover, although an outlier at a small lag distance
does not allow a linear fit, i.e. unbounded function, to

the experimental cross-variogram. Although no termi-
nation of the fitted function is visible, spatial structures,
indicated by a flattening and a subsequent rise of the
cross-variogram, are apparent at a lag of approximately

Fig. 3 Fitted cross-variograms of UG79, UG99 and HG for 17-08-2004. (sm soil moisture, bd bulk density, sa sand, si silt, c clay,
MWD mean weight diameter, vcover vegetation cover, mean_C mean soil carbon content)
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20–30 m for mean C, clay, silt, and sand. In contrast to
most other cross-variograms of HG, the cross-
variogram for bulk density is bounded with a range lag
of approximately 20 m.

Nugget ratios on the CG site show highest values
for sand, silt, clay, and mean carbon content (Fig. 4).
This implies that spatial dependency of the coregion-
alized variables is low, i.e. small scale variability and
heterogeneity of the cross-variogram obscure spatial
dependencies on this site. Nugget ratios are lowest on
UG79 in general, but no clear trend exists, i.e. no
consistently high or low nugget ratios can be
identified for UG99 and HG. On UG99, nugget ratios
are high for bulk density, sand and silt content, while
they are low to moderate for the other variables. On
HG, nugget ratios of the different variables show high
variation, and also the amplitude as indicated by the
extent of the boxplots varies greatly. Only on UG79,
nugget ratios of the coregionalized variables remain at
a low to moderate level. It is interesting to note that
nugget ratios on UG79 are lower for the coregional-
ized variables than for the univariate soil moisture
semivariogram model alone (upper left corner). The
nugget ratios shown in Fig. 4 imply that spatial
dependency of the different coregionalized variables
differs among the sites, with the CG site showing
lowest spatial dependency as expressed by high
nugget ratios.

The boxplots of range values as given in Fig. 5
provide a more unambiguous picture of the spatial
dependencies and the differences between the four
sites. Range values on HG show highest variability
for all cross-variograms over the soil moisture
sampling period, while range values on the other
sites show a much lower amplitude. Also, the
boxplots provide a temporal summary of range
values for HG. Range expands beyond the extent of
the sampling site for all variables except MWD and
bulk density. This confirms the results of the cross-
variograms presented in Fig. 3. Most cross-
variograms for HG were linear and not bounded.
Compared to the high amplitude of range values over
the study period on HG, range values remain
relatively stable and much smaller on all other sites.
I.e., maximum spatial dependency of the coregion-
alized variables is already reached within the
boundary of the respective sampling site. Notably,
range values for bulk density are low (upper right
graph) on all sites.

Discussion

In general, only weak correlation of soil and vegeta-
tion parameters and soil moisture exists. This is in
contrast to Zhao et al. (2007) who reported significant
and often stronger correlations between soil moisture
content and various soil physical parameters. Howev-
er, their investigation was based on three single and
selected observations, whereas our analyses were
based on a much larger database and a full range of
existing soil moisture conditions. The degree of
correlation increases along the grazing gradient with
lowest correlations on the two ungrazed sites. The
results show that single soil or vegetation parameters
can not be used to predict soil moisture or soil
moisture variability with the exception of HG where
highest correlations occur.

Correlation coefficients change depending on soil
moisture conditions (dry, moist, wet), but the effect
remains weak and no strong regression can be found
between correlation coefficients and soil moisture
status. Again, HG stands out as it shows larger slopes
and the correlation coefficients show dependency on
soil moisture conditions, i.e. correlation coefficients
increase or decrease from dry to wet conditions. This
supports the concept of organized and unorganized
soil moisture patterns by Western et al. (1999) which
states that the factors influencing soil moisture
distribution vary depending on soil moisture condi-
tions. It is interesting to note that the concept only
holds true for the HG site, but not for the other sites
with moderate and no grazing. Due to constant
grazing at high stocking rates, HG is the most
homogenized site, whereas CG and, most of all,
UG99 and UG79 show more patchy structures
regarding vegetation distribution and top soil vari-
ability (Steffens et al. 2008). The patchy structure on
the latter three sites may cause different soil and
vegetation composites at the sampling points which in
consequence results in non-uniform effects on soil
moisture storage. In contrast, uniform soil and
vegetation characteristics on HG lead to uniform
effects on soil moisture storage. This assumption is
partly confirmed when looking at the soil moisture
maps published by Schneider et al. (2008) using
Kriging methods. Here, soil moisture variability is
more heterogeneous at the two ungrazed sites as
compared to the grazed sites, especially at moist to
wet soil moisture conditions.
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Fig. 4 Boxplots with nugget ratio values of the cross-
variograms for all soil and vegetation parameters on the for
experimental sites. Nugget ratio = nugget semivariance/total
semivariance. (sm soil moisture, bd bulk density, sa sand, si silt,
c clay, MWD mean weight diameter, vegetation cover, mean C
mean soil carbon content). Black bars represent the median,

notches the 95% confidence interval, and length of the box the
interquartile range, i.e. the 25th and 75th quartile. Whiskers
show the largest and lowest extremes if there are no outliers, or
else, the largest and lowest observation depicted by circles.
Outliers are observations that are >1.5 times away from the
interquartile range
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Fig. 5 Boxplots with range values of the cross-variograms for all soil and vegetation parameters on the for experimental sites. For
figure details and description see Fig. 4
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Given that no clear relationship between soil or
vegetation parameters and soil moisture can be
derived, the prediction of spatial soil moisture
patterns is not feasible with simple correlation models
alone. The correlation analysis did not show high
correlations between the sampled variables for most
sites. Spatial dependency between soil properties and
soil moisture is highest, whereas it is weaker between
vegetation cover and soil moisture. This might be due
to the fact that soil and vegetation properties were
only sampled in the beginning of the study period.
Although we assume that the vegetation cover relative
to the other sites is the same, the interannual
precipitation and temperature regime may have
obscured the interpretation of the vegetation data.
Moreover, vegetation is prone to more rapid interan-
nual changes, whereas we consider the soil properties
to remain rather stable throughout the study period.

The results of the multivariate geostatistical anal-
ysis suggest that spatial dependency exists between
soil moisture and soil and vegetation parameters, but
the expression of these dependencies varies between
the four sites. High nugget values and nugget ratios as
found for the cross-variograms for CG indicate that
the spatial relation between soil moisture and the soil
parameters is very noisy and that spatial relation of,
e.g., soil moisture and mean C content or bulk density
can be found already at smaller distances (<5 m) than
covered by the geostatistical sampling scheme we
used. High nugget ratios also indicate that no or only
weak spatial dependence exists between any of the
coregionalysed variables analysed for the CG site. On
the other hand, low nugget ratios as partly found for
the other sites show that the spatial dependency of
soil moisture and the soil or vegetation parameter is
not noisy, i.e. the semivariance in the cross-variogram
is not bound to a nugget effect alone. In contrast to
UG99, nugget ratios on the long-term ungrazed site
UG79 are higher, in particular for bulk density and
sand content. The values indicate that spatial depen-
dency of the coregionalized variables is lower on
UG79 than on UG99. The results indicate that on
UG79, more heterogeneous patterns of soil and
vegetation properties evolved since enclosure than
on UG99 with a much shorter enclosure period.
However, nugget ratios are not decreasing linearly
from ungrazed to the two grazed sites, CG and HG. I.e.
nugget ratios on the CG site are higher then on the
UG99 site. This contrasts with the assumption that

grazing induces the homogenization of soil and vege-
tation properties, and hence, reduces small scale
variability. However, nugget ratios from CG to HG
decrease, indicating less small scale variation along with
higher stocking rates. Although there is no linear trend
in nugget ratios from UG79 to HG, there is an increase
in small scale variability with a) increasing duration of
enclosure for ungrazed sites and b) with decreasing
stocking rate for grazed sites.

The question arises if the different expression of
small scale variability between grazed and ungrazed
sites indicate different states of equilibrium and non-
equilibrium conditions in the two systems. The
question at which point grassland systems are at
equilibrium has been raised by Fernandez-Gimenez
and Allen-Diaz (1999), Fuhlendorf et al. (2001), and
Briske et al. (2003), to name only a few. The non-
linearity of nugget rations from ungrazed to grazed
sites suggest that there might be a tipping point
between ungrazed and grazed systems, which changes
the (small scale) variability of soil and vegetation
properties and hence influences spatio-temporal soil
moisture evolution. This is not clear through the
interpretation of spatial soil moisture distribution
using a univariate geostatistical approach. Here,
nugget ratios indicate high nugget semivariance and
low spatial dependency. However, when secondary
variables are included with the interpretation, the
nugget ratios indicate spatial dependency of the
coregionalized variables despite high spatial variabil-
ity of soil moisture patterns and noisy semivariogram
models as found by Schneider et al. (2008) for UG79.

Although spatial dependencies for the long-term
enclosure, UG79, can be clearly depicted, effects on
HG at the other end of the grazing gradient remain
ambiguous. Nugget ratios for mean C, clay content and
bulk density are low and indicate that the variables
spatially correlate with soil moisture distribution. On the
other hand, values for MWD, sand and silt are higher.
Hence, only selected soil properties seem to be
appropriate predictors for soil moisture distribution.

On UG79, UG99 and CG, range values are in
general low, whereas they are higher on HG and also
exhibit a much higher span of range values. This
indicates that spatial dependency of the coregional-
ized variables is higher on HG, and that maximum
correlation length can be found at larger separation
compared to the other sites. As some of the cross-
variogram models for HG are linear and not bounded,

86 Plant Soil (2011) 340:73–88



spatial dependency obviously stretches beyond the
extent of the sampling grid. The homogenized
structure of the site may result in a spatially structured
influence of soil and vegetation parameters on soil
moisture distribution. On the other hand, mixed
patterns on the other sites favor a mixed signal of
spatial dependencies. Correspondingly, Gómez-Plaza
et al. (2001) and Cantón et al. (2004) show that the
distribution of vegetation patterns is influencing soil
moisture patterns. Hence, stocking rate does influence
the expression of spatial dependencies between soil or
vegetation properties and soil moisture. However,
from our data we can not identify a single best
predictor variable for soil moisture distribution, as
these vary among the sites.

Conclusions

We applied a multivariate geostatistical approach to
reveal the influence of soil and vegetation properties
on spatio-temporal soil moisture distribution. Al-
though correlation coefficients between soil and
vegetation properties and soil moisture change slight-
ly under dry, moist or wet soil moisture conditions,
only weak or moderate regressions exist. Hence, a
clear allocation of soil or vegetation properties
influencing soil moisture variability is not feasible.
The analysis shows that prediction of spatial depen-
dencies between two spatially distributed variables
and the prediction of soil moisture with secondary
data is not straightforward or possible with one
parameter for different grazing intensities. To predict
soil moisture distribution, the secondary variable
needs to be chosen carefully as from our data, the
most influencing soil and vegetation parameter differ
between the different grazing sites. Coming back to
our initial hypotheses, we can state that (1) spatio-
temporal soil moisture variability is governed by a set
of environmental (soil and vegetation) parameters.
The distribution of soil moisture can not be predicted
by a single parameter, and the determining parameters
change between different grazing intensities. (2) The
degree of correlation between soil and vegetation
parameters and soil moisture is only weakly affected
by dry, moist or wet soil moisture status. I.e. there is
only weak correlation of soil moisture and soil or
vegetation properties under wet conditions (as dis-
cussed by Grayson et al. (1997) and Western et al.

(1999)), and highest correlations occur on HG. (3)
Spatio-temporal correlations between soil and vege-
tation parameters and soil moisture were found for
some sites. However, spatial dependencies of the
coregionalized variables changed between the sites,
which prevented the identification of a single soil or
vegetation parameter to explain soil moisture vari-
ability. We observed a change in spatial dependencies
between the two ungrazed sites on the one hand, and
between the two grazed sites, on the other hand.
However, there was no linear change in spatial
dependencies of the coregionalized variables from
ungrazed to grazed sites. In particular, soil properties
at the long-term enclosure (UG79) might express more
stable conditions which result in more pronounced
effects on soil moisture patterns than on UG99. On CG
and HG, grazing might result in homogenization of soil
and vegetation properties. This is particular visible for
the HG site with higher stocking rate, while effects on
CG are less pronounced.

Acknowledgments The manuscript results from the DFG
research group FG 536 MAGIM (Matter fluxes in Inner
Mongolia as influenced by stocking rate). We are grateful for
financial support by Deutsche Forschungsgemeinschaft and for
support of the Inner Mongolia Grassland Ecosystem Research
Station (IMGERS). We would like to thank three anonymous
reviewers for their comments and constructive critique.

References

Briske DD, Fuhlendorf SD, Smeins FE (2003) Vegetation
dynamics on rangelands: a critique of the current para-
digms. J Appl Ecol 40:601–614

Cambardella CA, Moorman TB, Novak JM, Parkin TB, Karlen
DL, Turco RF, Konopka AE (1994) Field-scale variability
of soil properties in Central Iowa soils. Soil Sci Soc Am J
58:1501–1511

Cantón Y, Solé-Benet A, Domingo F (2004) Temporal and
spatial patterns of soil moisture in semiarid badlands of SE
Spain. J Hydrol 285:199–214

Fernandez-Gimenez ME, Allen-Diaz B (1999) Testing a non-
equlibrium model of rangeland vegetation dynamics in
Mongolia. J Appl Ecol 36:871–885

Fuhlendorf SD, Briske DD, Smeins FE (2001) Herbaceous
vegetation change in variable rangeland environments: the
relative contribution of grazing and climatic variability.
Appl Veg Sci 4:177–188

Gao Q, Ci L, Yu M (2002) Modeling wind and water erosion in
northern China under climate and land use changes. J Soil
Water Conserv 57:46–55

Gao YZ, Giese M, Lin S, Sattelmacher B, Zhao Y, Brueck H
(2008) Belowground net primary productivity and biomass

Plant Soil (2011) 340:73–88 87



allocation of a grassland in Inner Mongolia is affected by
grazing intensity. Plant Soil 307:41–50

Giese M, Gao YZ, Zhao Y, Pan Q, Lin S, Peth S, Brueck H
(2009) Effects of grazing and rainfall variability on root
and shoot decomposition in a semi-arid grassland. Appl
Soil Ecol 41:8–18

Gómez-Plaza A, Martínez-Mena M, Albaladejo J, Castillo VM
(2001) Factors regulating spatial distribution of soil water
content in small semiarid catchments. J Hydrol 253:211–226

Grayson RB, Western AW, Mohanty BP (1997) Preferred states
in spatial soil moisture patterns: local and nonlocal
controls. Water Resour Res 33:2897–2908

Heuvelink GBM, Webster R (2001) Modelling soil variation:
past, present, and future. Geoderma 100:269–301

Hillel D (1998) Environmental soil physics. Academic, San Diego
Hoffmann C, Funk R, Li Y, Sommer M (2008a) Effect of

grazing on wind driven carbon and nitrogen ratios in the
grasslands of Inner Mongolia. Catena 75:182–190

Hoffmann C, Funk R, Wieland R, Li Y, Sommer M (2008b)
Effects of grazing and topography on dust flux and
deposition in the Xilingele grassland, Inner Mongolia. J
Arid Environ 72:792–807

Holst J, Liu C, Yao Z, Brueggemann N, Zheng X, Giese M,
Butterbach-Bahl K (2008) Fluxes of nitrous oxide, methane
and carbon dioxide during freezing-thawing cycles in an Inner
Mongolian steppe. Plant Soil 308:105–117

Kawamura K, Akiiyama T, Yokota H, Tsusumi M, Yasuda T,
Watanabe O, Wang S (2005) Quantifying grazing intensi-
ties using geographic information systems and satellite
remote sensing in the Xilingol steppe region, Inner
Mongolia, China. Agric Ecosyst Environ 107:83–93

Krümmelbein J, Wang Z, Zhao Y, Peth S, Horn R (2006)
Influence of various grazing intensities on soil stability,
soil structure and water balance of grassland soils in Inner
Mongolia, P.R. China. In: Horn R (ed) Catena Verlag,
Reiskirchen, pp 93–102

Lark RM (2003) Two robust estimators of the cross-variogram
for multivariate geostatistical analysis of soil properties.
Eur J Soil Sci 54:187–201

Le Houérou HN (1984) Rain use efficiency—a unifying
concept in arid-land ecology. J Arid Environ 7:213–247

Li FR, Kang LF, Zhang H, Zhao LY, Shirato Y, Taniyama I
(2005) Changes in intensity of wind erosion at different
stages of degradation development in grasslands of Inner
Mongolia, China. J Arid Environ 62:567–585

Liu C, Holst J, Brüggemann N, Butterbach-Bahl K, Yao Z, Yue
J, Han S, Han X, Krümmelbein J, Horn R, Zheng X
(2007) Winter-grazing reduces methane uptake by soils of
a typical semi-arid steppe in Inner Mongolia, China.
Atmos Environ 41:5948–5958

Milchunas DG, Lauenroth WK (1993) Quantitative effects of
grazing on vegetation and soils over a global range of
environments. Ecol Monogr 63:327–366

Noy-Meir I (1985) Desert ecosystem structure and function. In:
Evenenary M, Noy-Meir I, Goodall DW (eds) Ecosystems
of the world. Elsevier, Amsterdam, pp 92–103

Ojima DS, Dirks BOM, Glenn EP, Ownesby CE, Scurlock JO
(1993) Assessment of C budget for grasslands and
drylands of the world. Water Air Soil Pollut 70:95–109

Pebesma EJ, Wesseling CG (1998) Gstat—a program for
geostatistical modelling, prediction and simulation. Com-
put Geosci 24:17–31

R Development Core Team (2004) R: a Language and
Environment for Statistical Computing. R Foundation for
Statistical Computing, Vienna, Austria

Schlesinger WH, Reynolds JF, Cunningham GL, Huenneke LF,
Jarrell WM, Virginia RA, Whitford WG (1990) Biological
feedbacks in global desertification. Science 247:1043–1048

Schneider K, Huisman JA, Breuer L, Frede H-G (2008)
Ambiguous effects of grazing intensity on surface soil
moisture: a geostatistical case study from a steppe
environment in Inner Mongolia, PR China. J Arid Environ
72:1305–1319

Schuman GE, Reeder JD, Manley JT, Hart RH, Manley WA
(1999) Impact of grazing management on the carbon and
nitrogen balance of a mixed-grass rangeland. Ecol Appl
9:65–71

Sneath D (1998) Ecology: state policy and pasture degradation
in inner asia. Science 281:1147–1148

Steffens M, Kölbl A, Totsche KU, Kögel-Knabner I (2008)
Grazing effects on soil chemical and physical properties in
a semiarid steppe of Inner Mongolia (P.R. China). Geo-
derma 143:63–72

Steffens M, Kölbl A, Giese M, Hoffmann C, Totsche KU,
Breuer L, Koegel-Knabner I (2009) Spatial variability of
topsoils and vegetation in a grazed steppe ecosystem in
Inner Mongolia (PR China). J Plant Nutr Soil Sci
172:78–90

Tong C, Wu J, Yong S, Yang J, Yong W (2004) A landscape-
scale assessment of steppe degradation in the Xilin River
Basin, Inner Mongolia, China. J Arid Environ 59:133–149

Wackernagel H (2003) Multivariate geostatistics. Springer,
Berlin

Webster R, Oliver MA (2001) Geostatistics for environmental
scientists. Wiley, Chichester

Western AW, Grayson RB, Blöschl G, Willgoose GR,
McMahon TA (1999) Observed spatial organization of
soil moisture and its relation to terrain indices. Water
Resour Res 35:797–810

White R, Murray S, Rohweder M (2000) Pilot analysis of
global ecosystems—grassland ecosystems. World Resour-
ces Institute, Washington D.C

Zhao Y, Peth S, Krümmelbein J, Horn R, Wang Z, Steffens M,
Hoffmann C, Peng X (2007) Spatial variability of soil
properties affected by grazing intensity in Inner Mongolia
grassland. Ecol Model 205:241–254

88 Plant Soil (2011) 340:73–88


	Spatial and temporal variation of soil moisture in dependence of multiple environmental parameters in semi-arid grasslands
	Abstract
	Introduction
	Material and methods
	Study area
	Sampling design
	Exploratory data analysis
	Geostatistical analysis

	Results
	Exploratory data analysis
	Multivariate geostatistics

	Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


