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CHAPTER 1

Specialized Software
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METHODS OF UP-SCALING
AND DOWN-SCALING IN SPATIAL CONTEXT

Joachim KIESEL, Gerd LUTZE

Centre for Agricultural Landscape Research (ZALF)
Institute of Landscape Systems Analysis
<jkiesel@zalf de; glutze@zalf de>

Abstract: The moving window technology is a framework to describe
the distribution of spatially arranged objects and features throughout
the landscape. With the help of the parameters shape and size of the
analysis window the degree of generalization can be adjusted and in-
finitely variably scaled. The up- and down-scaling is demonstrated
in comparison with conventional methods of spatial interpolation.
Analysis and description of the spatial distributions are carried out on
the basis of data examples originated from the “Map of Vascular
Plants in Eastern Germany”(Benkert, Fukarek, Korsch, 1996). A sec-
ond example describes thenecessity and methods of the generalization
of Digital Elevation Models (DEM) for visualization purposes and in-
troduces results.

Keywords: Geographic Information System (GIS), moving window
technology, up-scaling, down-scaling, generalization, Digital Eleva-
tion Model (DEM).

1.  The moving window approach

The GIS-based explorative landscape analysis comprises questions re-
garding regionalization, segregation of landscape unities, their classification
and description of the distribution of objects and features located inside.
The main goal is to delineate quasi homogenous areas in the sense of gener-
alization. Essential objects and features are amplified and intensified, non
essential ones are suppressed and neglected. As a result, polygon areas can
be computed and visualized that designate the borders of valid applications
of models with a certain set of parameters or to identify conflict areas
of current land use and natural potentials of the landscape. Every point (grid
cell) in the investigation area is valuated in its lateral context by taking into
account either quantities of relevant thematic objects or features in the
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neighbourhood of the current grid cell or the kind of their spatial arrange-
ment.

The moving window technology is a suited, advanced and GIS-based
operational framework for carrying out this kind of analysis. It analyzes and
valuates the spatial distribution of biotic, abiotic, socio economic, structural
or functional features in their spatial distributions themselves or to each
other by considering position, geometry, spatial value distribution in the
neighbourhood or takes additional thematic layers into account. The spatial
context can be freely and open defined and it is dynamically related to the
current point (cell) that is under computation. In contrary the conventional
block method is static in spatial context.

The result describes an unbiased, spatial distribution of the investi-
gated object or feature, that can be infinitely variably scaled in terms of de-
gree of generalization. Insignificant features are suppressed in favour
of dominant ones under possible protection of local extremes (hot spot
analysis by aggregation). Vice versa existing aggregated information can be
broken down to a finer more realistic spatial resolution by a combined appli-
cation of spatial interpolation techniques in conjunction with the moving
window technology.

A great flexibility to adjust the tool to the asked question can be
reached by programming the function that runs inside the moving window,
The introduced framework produces outputs that are independent from shape
and size of the investigation area and describe a full area covering continu-
ous distributions of features. That’s why it is best suited for visualization and
interpretation purposes. Another field of application is the provision of spa-
tial data for modeling on the basis of neural networks and fuzzy approaches.
Continuous distributions can also easily modulated compared with discrete
distributed objects in the landscape to build up a database for different sce-
narios.

After a short excursus into the basics of the moving window technol-
ogy the following chosen examples should exemplary demonstrate the po-
tential of the moving window approach.

2.  The basics of the moving window technology

The moving window technology belongs to the class of hybrid analy-
sis technologies (Silverman, 1986). It uses components of grid and vector
arithmetic as well. All the involved thematic layers must not be rasterized
initially, but a lot of themes will be raster ones originally like Digital Eleva-



Methods of up-scaling and down-scaling in spatial context 45

tion Models or classified satellite images. Line and point themes remain
in vector space for analysis purposes. Figure 1 demonstrates schematically
how an example of several rasterized polygon themes inside an arbitrarily
formed environment U (moving window) are mapped onto a single raster
cell in the resulting theme with the help of a suited function f (for instance
count of grid cells or mean of cell values).

In the next step the environment is moved one step aside and the de-
scribed procedure is repeated again several times. In practise the environ-
ment U is often assumed a circle with radius R. This approach has the advan-
tages of ease of implementation without use of a Geographic Information
System, invariant of direction and the scalability of the degree of generaliza-
tion by the radius R. A very important disadvantage is a high consumption of
computing power and time that increases quadratic with the radius R.

The user of the moving window technology has three degrees of free-
dom with a circular environment. First he can choose an appropriate cell size
for results. This determines the resolution and smoothness of the resulting
grid theme and influences the time necessary for computation in a great
manner. Second he can choose the degree of generalization by the radius R
and third he has to think about a suited function f to solve his problem at the
best. The radius R should be determined in relation to the size of the investi-
gation area, the resolution and accuracy of the used input theme layers.
In European Commission (2000) an approach for an automated estimation of
this radius is described. The pragmatic approach, used in this paper, calcu-
lates a series with different radius and chooses the best suited degree of gen-
eralization. A small radius establishes a visualization of the result that re-
sembles the input theme(s) — perhaps in another measurement depending of
the used function.

With increasing radius the clear borderlines between the discrete ob-
jects, whose distribution has to be described, are smoothed and blurred in the
sense of an increasing degree of generalization especially with the use of
density functions inside of the moving window!.

One can compare this effect with closing the eyes more and more by
simultaneously increasing the distance to the original figure with the discrete
spatially distributed objects. The variation of the distribution of the result
decreases and very extreme values disappear. The normalized result keeps
the mean over the whole investigation area. In the case where the radius
covers the whole area the variation converges to zero and all cells of the

I Density functions calculate the number of spatial distributed objects inside a de-
fined neighborhood or their degree of coverage.
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result converge to the mean of the distribution of the discrete objects in the
case of density functions.

Figure 1.  The basic principle of the moving window technology.

The quality of the result that is computed by the moving window
technology and its matching for solving the asked problem and question
depends on the kind of function you choose for running inside the window.
Very often simple density functions are used like the count of cells, the de-
gree of coverage the window area or the probability of meeting an object
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in the neighbourhood. But they tend to produce poor results in quality.
For instance, DEM can be smoothed and generalized at a good quality
by removing the noise by the median filter. But unfortunately most DEM are
generated from contour lines and supply a very poor quality after applying
a median filter. Themes that describe land use can be generalized by the
majority function applied on the main classes of land use. The most sophisti-
cated functions can be defined by the user. In general they must be pro-
grammed by the user with a great amount of freedom at implementation.
Complex decision algorithms can take into account the heterogeneity of the
distribution of objects in the window, not only the number of the objects
inside the window but the kind of their distribution and their distance
to other objects. An example of a medium complex function is the Shannon
Index to describe the biodiversity of the landscape. This function takes the
different biotope types into account but not their distribution inside the win-
dow. A very complex function is the site comparison method (VERMOST)
that was developed and implemented at ZALF and that describes the hetero-
geneity of classified and evaluated spatially distributed objects by a set
of standardized indicators for dominance, contrast and diversity.

The moving window technology is a frame technology to transform
spatially distributed objects and features with the help of a well determined,
problem related function f. Thereby the moving window technology contrib-
utes as a very effective tool for solving tasks with spatial context and lateral
relations.

3.  Properties of density functions

The run of a density function inside the moving window belongs to
the smoothing spatial interpolation procedures. The given original values at
certain points are changed to emphasize the essential trend in relation to the
spatial neighbourhood.

This is done for example by counting the number of discrete objects,
the calculation of the degree the objects cover the window area or the sum-
mary length of line objects inside the window (simple density function).
In the case of a circular window shape the chosen radius R of the circle de-
termines the degree of smoothing or generalization. Missing data inside or
outside of the investigation area have to be taken into account by extrapolat-
ing the known distribution of objects onto the no-data areas. This can be
done by applying an border correction factor, that is based on the ratio of
known values to missing values inside the window at every location of the
investigation area the moving window is applied. The left part of Figure 2,
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This approach guarantees that an object does not enter the moving
window in an abrupt manner but incrementally. The result is a smooth distri-
bution without any shadow formation that describes in a generalized and
scalable view the spatial distribution of the discrete objects.

As opposed to the general expectation, density with kernel estimation
preserves maximum much better. It seems to have a magnetic effect on the
distributed virtual material and tries to attract it to the location of the discrete
objects. Edges in a real distribution are much more better preserved. That’s
why this procedure is highly recommended for generalizing Digital Eleva-
tion Models.

Both density approaches compute the same mean over the investiga-
tion area but different values and shapes of local extreme points, a different
variance and a different distribution. With increasing generalization radius
R they converge to the mean of the investigation area with zero variance.

4.  Up-scaling of the distribution of vascular plants of the Red
List of the county of Brandenburg

The “Map of Vascular Plants of Eastern Germany” (Benkert, Fukarek,
Korsch, 1996) contains information about the distribution of 1998 vascular
plant species throughout Eastern Germany in a very strong aggregated form
on a basis of quadrants of the TK25 map. Such a quadrant is about
11km*11km (125km?) in size. The information for each species is only
a present/absent data available.

Out of the total number of plant species 526 of them belong to the
special protection category “Red List of County Brandenburg” with the fol-
lowing classes of endangering whose weights are set up by biologists. The
weights represent degrees of endanger.

The task is to generate a map that describes the spatial distribution of
an endangering index and to give hints where to find locations respectively
hot spots with a high density of species belonging to the Red List weighted
by the degree of endangering. These identified hot spots can be used as
a decision basis for applying special protection measures.

With the classic method the index is calculated separately for each
quadrant by dividing the sum of the weights of each occurring species be-
longing to the Red List in the current quadrant by the sum of the weights
of all species. Thus this index varies from 0 to 1. Figure 3 illustrates the
resulting distribution. It can be seen that every quadrant is a homogenous
one, but larger quasi homogenous areas can only heavily delineated.
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tion generates a lot of artefacts. The standardization with the weights of all
potential appearing species takes into account the increasing size of the
quadrants towards south direction and the decrease of the distribution in the
near of the borders of available data.

5.  Down-scaling of the distribution of vascular plants
of the Red

List of the county of Brandenburg

Starting point should be again the “Map of Vascular Plants of Eastern
Germany”. 221 indicator species are selected that have special demands
in their behaviour to farmland and fallow. The aim is to generate a map of
hotspots of this indicator. Out of these 221 potential species one can meet
at maximum 130 species in the county of Brandenburg in one quadrant of
the TK50 map. Every single quadrant seems to be homogenously but in real-
ity every species has special requirements regarding its habitat and every
quadrant has a specific distribution of biotopes. Due to this neglect in Berlin
a pseudo hot spot of the indicator can be found.

To solve these problems only the valid areas of farmland and fallow
inside of each quadrant are taken into account. Thus the pseudo hot spot
Berlin, because of its only few relevant areas, is neutralized and a better
spatial relation of the indicator is achieved. But there are still steps of more
than 100% between neighbouring quadrants. In practice such a behaviour
is not to explain. For this reason a generalization on the basis of a density
function with kernel estimation is applied. The selection of an appropriate
degree of generalization, that is adjusted by the radius R of the circular mov-
ing window, is a little bit sophisticated. One the one hand it must be selected
big enough to remove the artificial steps but on the other hand a high degree
of generalization should not smooth the differentiation between the quad-
rants to much. By testing a series of generalization degrees it is possible to
choose the best suitable one of 1km. But the generalization radius R=lkm
would not work properly because the mean distance of the centre of the
quadrants is 5.5km. It is necessary to resample the values of the computed
indicator in the centre of the quadrants to a finer resolution. A suited proce-
dure for this purpose is a bilinear interpolation that meets the exact value in
the centre and tends to the neighbouring centres. All new generated values
lay between the former minimum and maximum at a much higher density of
values. 25m could be an appropriate cell size for this interpolation.
As aresult a moving window with 1km of radius can be successfully applied
for generalization purposes. Figure 6 illustrates the habitat specific down-
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The visualization of landscapes is an expensive, interactive process
with a high degree of freedom of choosing the relevant thematic layers and
the kind of their superimposing. For instance with computing of the illumi-
nation the number of lights, their position, the horizontal and vertical angles
of the light rays, the intensity of shadows and scattered light or reflections,
the exaggeration factor of the DEM and the classification and assigning of
signatures or color maps can be freely selected by the user.
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