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ABSTRACT: 
 
The classification of remote sensing data is a standard method to retrieve up-to-date land use data at various scales. However, 
through the incorporation of additional data using geographical information systems (GIS) land use analyses can be enriched 
significantly. In this regard, the Multi-Data Approach (MDA) for the integration of remote sensing classifications and official basic 
geodata for a regional scale as well as the achievable results are summarised. On this methodological basis, we investigate the 
enhancement of land use analyses at a very high spatial resolution by combining WorldView-2 remote sensing data and official 
cadastral data for Germany (the Automated Real Estate Map, ALK). Our first results show that manifold thematic information and 
the improved geometric delineation of land use classes can be gained even at a high spatial resolution.  
 
 

                                                                 
*  Corresponding author 
 

1. INTRODUCTION 

Satellite remote sensing is a standard method for the generation 
of land use and land cover data for global or regional 
investigations. Also at local scales, the method is still 
competitive using high spatial resolution data, where up-to-date 
information is needed for wider areas. For the global scale, 
remote sensing is often the only way to acquire coherent land 
cover information (Mora et al., 2014). However, for the 
regional and the local scale several additional sources of spatial 
information can be incorporated in a GIS to enrich the land use 
analysis. Although initiatives for the integration of remote 
sensing and GIS date back to the late 1970s (Hutchinson, 1982; 
Merchant and Narumalani, 2009), today a strong integration of 
GIS methods in remote sensing-based land use analyses is still 
rather the exception than the rule. Often additional spatial 
information is used to focus on a single subject. For example 
agricultural parcel boundaries are incorporated to reduce 
misclassification (Aplin and Smith, 2008; De Wit and Clevers, 
2004; Esch et al., 2014; Lucas et al., 2007; Smith and Fuller, 
2001; Turker and Arikan, 2005).  
Nowadays, various official basic geospatial datasets like digital 
landscape models (DLM) or digital cadastral information 
systems are available at different scale levels for many 
countries. These datasets usually contain manifold high-quality 
information on various land use categories. Nevertheless, 
approaches that incorporate DLM data more comprehensively 
are rare (e.g. Hazeu et al., 2014) and the intensive incorporation 
of cadastral data is even rarer.  
Hence, at first we summarise a methodology developed for the 
integration of remote sensing-based land use information and 
official DLM data for Germany for a regional scale land use 
analysis. Afterwards, the potential of the methodology and the 
usability of official German cadastral data are investigated for 
land use analyses at a significant higher spatial resolution (local 
scale).  

 
2. MULTI-DATA APPROACH 

The methodological background of the presented studies is the 
Multi-Data Approach (MDA) by Bareth (2008), which was 
adapted and further developed in the raster data model 
(Waldhoff, 2014). The key aspect of the MDA is the emphasis 
on the integration of remote sensing-based classification results 
and officially available basic geodata in a GIS, to generate land 
use data of enhanced information content. 
In the initial remote sensing part of the MDA, (multi temporal) 
satellite images are analysed individually using supervised 
classification methods like support vector machines (SVM) or 
maximum likelihood (MLC). With regard to the information 
content of the additionally available datasets, the classification 
of each remote sensing image focuses mostly on the vegetation 
information that is only insufficiently provided by other 
sources. 
In the GIS part of the MDA, the remote sensing classification 
results and preselected information of the basic geodata are 
combined to a multi-layer dataset. By the means of expert 
knowledge-based production rules, the valuable information of 
each information layer is then combined in the final land use 
data product. In this way, either categorical information, 
geometrical information or both were at the centre of attention.  
 
3. MDA IMPLEMENTATION ON A REGIONAL SCALE  

The further development of the MDA for a regional scale land 
use analysis (ca. 1:50.000) was conducted for the Rur 
catchment, being the study area of the CRC/TR 32 “Patterns in 
Soil-Vegetation-Atmosphere-Systems: Monitoring, Modelling 
and Data Assimilation” (www.tr32.de). The Rur catchment (ca. 
3000 km²) is mainly situated in western Germany, but it also 
reaches into the Netherlands and Belgium (cf. Figure 1). It is 

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-3/W3, 2015 
ISPRS Geospatial Week 2015, 28 Sep – 03 Oct 2015, La Grande Motte, France

This contribution has been peer-reviewed.  
Editors: A.-M. Olteanu-Raimond, C. de-Runz, and R. Devillers 

doi:10.5194/isprsarchives-XL-3-W3-85-2015 

 
85



 

characterised by intensive arable land use in the north and 
mainly grassland and forest in the south.  
The main objectives of this land use study were therefore the 
adequate disaggregated differentiation of the various land use 
types for a regional scale and the differentiation of the major 
crop types on parcel-level. For this purpose, a cell size of 15 m 
was chosen. 
The handling of agricultural land and the differentiation of the 
crop types through the multi temporal analysis of moderate 
spatial resolution remote sensing data (e.g. ASTER, Landsat-
7 & -8) is treated in more detail in Waldhoff et al. (2012) or in 
Waldhoff (2014).  
Besides the crop classification, also the basic differentiation of 
the other major land use classes, in particular concerning non-
agricultural vegetation and impervious surfaces, was obtained 
from the remote sensing analysis (cf. Figure 2a). 
 

Figure 1. Land use overview of the Rur catchment. 

To enhance the remote sensing results outside of agricultural 
land, selected land use classes of the ATKIS Basis DLM 
(ATKIS = Authorative Topographic-Cartographic Information 
System) were used for the German part of the Rur catchment 
(Waldhoff and Bareth, 2009). The ATKIS is provided by the 
official state survey and mapping agencies at a scale of 
1:25,000 and is currently updated in total every three years 
(BRK.NRW, 2012). It includes diverse information for example 
on the transport system, but it also distinguishes built-up areas, 
different residential and industrial land uses, forest areas, arable 
land or grassland. The data are provided in vector format with a 
spatial accuracy of ±3 m (AdV, 2008b). For the study, selected 
ATKIS layers were rasterised and resampled to a spatial 
resolution of 15 m.  
Figure 2b shows selected rasterised ATKIS layers for the same 
area as in Figure 2a. Red and orange tones indicate different 
residential and commercial land uses, while green colours (from 
dark to light) denote forest areas, non-agricultural vegetation 
areas and grassland. Grey colours represent different road 
categories (e.g. carriage way or municipal road).  
Compared to Figure 2a, even after the resampling to 15 m pixel 
size, the delimitation of the individual land use areas appears 
much sharper. Also, most areas are differentiated into more land 
use classes than in the remote sensing result. However, the 
information content of some land use classes is highly 
aggregated. For example, there is no differentiation of arable 
land into different crop types. Additionally, for residential areas 
only sparse information is provided on the vegetation cover or 

impervious surfaces. Thus, one step to improve the land 
use/land cover differentiation within the major land use 
categories (e.g. arable land, built-up, forest, other vegetation 
areas) was to combine either thematically or geometrically 
more precise ATKIS land use classes with the corresponding 
remote sensing classification results. In addition, land use 
classes that were more adequately represented in the ATKIS 
were fully transferred to the final land use dataset via overlay 
analysis.  
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Figure 2. (a) Subset of the MLC result of a Landsat-8 image 
(05.05.2014). (b) Selected ATKIS classes (rasterised). Dark red 
to orange tones indicate different residential and commercial 
land uses, dark to light green colours denote forest, non-
agricultural vegetation and grassland whereas grey colours 
differentiate road categories. (c) MDA classification of 2014 
(Lussem and Waldhoff, 2014). 

Figure 2c depicts the final MDA land use classification for the 
subset area. Compared to Figure 2a, much more land use/land 
cover classes are differentiated. For example, now areas of 
different settlement-related land uses are distinguished (grey 
colours). Likewise, arable land is now differentiated into the 
major crops, based on the remote sensing results. Moreover, the 
misclassification of crops outside of arable land areas (e.g. 

!
!

!

!

DürenDüren
AachenAachen

MalmedyMalmedy

RoermondRoermond

20 km

DEDE

NLNL

BEBE

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-3/W3, 2015 
ISPRS Geospatial Week 2015, 28 Sep – 03 Oct 2015, La Grande Motte, France

This contribution has been peer-reviewed.  
Editors: A.-M. Olteanu-Raimond, C. de-Runz, and R. Devillers 

doi:10.5194/isprsarchives-XL-3-W3-85-2015 

 
86



 

winter wheat in settlement areas, cf. Figure 2b), was reduced 
dramatically with the ATKIS data. Yet, the classification of 
vegetation in settlement areas per se was maintained to 
differentiate vegetated and impervious surface areas within the 
corresponding ATKIS classes. Finally, the final MDA result 
now contains areas that are occupied by the transportation 
network. Such areas are usually not adequately represented in 
remote sensing classifications.  
 

4. LOCAL SCALE INVESTIGATION  

Based on the results that were achieved for a regional scale, this 
study was intended as a first evaluation of applying the MDA 
on a high spatial scale (in the range of 1:5000 and higher) using 
the adequate basic geodata. For this study, a part of the Rur 
catchment in the north of Düren, near Selhausen was selected 
(red square in Figure 1). 
 
4.1 Remote sensing analysis 

For the high spatial resolution remote sensing land use mapping 
a WorldView-2 (WV-2) image of June 11, 2014 was chosen 
(Figure 3). The WV-2 sensor has a spatial resolution of 2 m for 
the eight multispectral channels that were used (Updike and 
Comp, 2010). In accordance with the procedure of the MDA, 
the WV-2 image was separately classified using the supervised 
MLC algorithm. 
 

!

Extent of Fig. 4, 5 & 6

SelhausenSelhausen

1 km  
Figure 3. Subset of the WorldView-2 image (11.06.2014). 

For the aim of the investigation the classification yielded 
satisfying results for the major crop types and for the other land 
use classes (overall accuracy: 91.30 %). Figure 4 displays the 
result for a subset of Figure 3.  
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Figure 4. Subset of the MLC result of the WordView-2 scene. 

Owing to the acquisition date of the WV-2 image, many 
agricultural parcels which comprise summer crops either still 

show more or less bare ground (brown and olive colours and in 
Figure 4) or the development stage of the crops was inadequate 
for the identification of the crop. As a result, no specific crop 
types could be classified on the corresponding parcels whereas 
winter crops were adequately differentiated. 
 
4.2 Integration of additional data 

Concerning the integration of the remote sensing results with 
additional data at this spatial resolution, cadastral information 
systems are the first choice in terms of geometric accuracy and 
thematic resolution. Thus, in this study the usage of the 
Automated Real Estate Map (Automatisierte 
Liegenschaftskarte, ALK) was investigated. This data product is 
available in vector format for whole Germany and is produced 
by the official cadastre offices (Ehrmanntraut and Nerkamp, 
2011). As a result, it is continuously updated and of high 
quality. However, for this study only polygon data of 2009 was 
available, so that there is quite a large time gap between the 
acquisition date of the remote sensing data and the production 
date of the ALK. Yet, for the aim of the study the data was 
considered suitable. The ALK is a spatially comprehensive data 
product and describes the actual use of land parcels at a 
resolution of about 1:1000. It contains diverse and detailed 
information on the use of each land parcel, like specific types of 
residential or commercial use, dominant vegetation cover (e.g. 
deciduous, coniferous or mixed forest, copse or pasture) or the 
spatial extent of the different transportation route categories. 
Moreover, it also informs about the existence and the geometry 
of small vegetation patches which often accompany roads 
(turquoise colour in Figure 5). Furthermore, the surface areas 
occupied by buildings are included. 
 
4.3 Results 

For this study, an area of roughly 45 km² was available, where 
the ALK data and the WV-2 scene overlapped. This area 
includes 17,776 single land parcel objects that are organised 
into 131 different classes. To handle the vast amount of 
thematic information, associated classes where aggregated to 29 
superordinate categories that are relevant for a common land 
use analysis. In this regard, for example land use classes like 
health, public administration, research and education were 
combined to the class public facilities. 
 

250 m

Figure 5. Example of the selected and aggregated ALK classes 
for the land use analysis (class colours correspond with 
Figure 2b).  

Figure 5 illustrates the thematically aggregated ALK layer for 
the selected subset. Still manifold land use categories are 
differentiated. The grey lines delimit the individual land 
parcels. Following the general colouring of the ATKIS data for 
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the regional scale analysis (cf. Figure 2b), for example green 
colours indicate forest areas, copse or pasture (from dark to 
light colours). Dark brown areas signify arable land. Red 
colours differentiate various residential and commercial land 
use types. Additionally, the building layer (black colour) is 
overlaid. 
 

Root Crops
Winter Wheat
Winter Barley
Bare Ground
Rapeseed
Mixed Forest
Unused Area
Public Facility

Residential Area
Trade/Service
Industrial Area
Traffic Unit
Supply Facility
Agricultural Area/Farm
Transportation
Road Accompaning Area

Factory
Recreation Area
Urban Vegetation
Parking
Pasture
Orchard
Gardenland
Water Body
Building

250 m

Figure 6. Integration result of selected remote sensing derived 
class allocations and ALK information. 

In accordance with the MDA procedure presented before, at 
first, the land parcel layer and the layer of the building 
geometries were converted to raster layers with the same cell 
size as the WV-2 data. In the MDA-GIS-part, the classification 
results and the ALK raster were then combined to a layer stack. 
Afterwards, selected information of each layer was 
subsequently integrated into the final land use layer to enrich its 
information content (cf. Figure 6).  
On the one hand, arable land, as indicated by the ALK, was 
disaggregated with the crop type distribution information of the 
remote sensing classification for the corresponding land parcels. 
Additionally, the misclassification of impervious surfaces 
within arable land (caused by the high spectral similarity e.g. of 
asphalt and dry soil) could be reclassified to bare soil through 
the utilisation of the ALK data (compare centres of 
Figures 4 & 6). On the other hand, for non-agricultural land use 
classes, the ALK land use information was combined with the 
remote sensing-based land use/land cover information. In doing 
so, the classification results on vegetation coverage, impervious 
surfaces or bare ground were used to disaggregate the land use 
information within the cadastral parcels of settlement areas.  
Furthermore, various land use classes of the ALK were 
considered as more spatially precise or thematically detailed 
than the class allocations of the remote sensing classification. 
As a result, ALK classes like the road network, road 
accompanying area, water body or pasture completely 
substituted the corresponding remote sensing class allocations 
in the final dataset. Also, areas occupied by buildings were 
transferred from the ALK. 
 

5. DISCUSSION & CONCLUSION 

In this contribution, at first the MDA for the integration of 
DLM data and remote sensing-derived land cover/land use 

information for the regional scale was recapped. It was shown 
that by using multiple data sources in a knowledge-based 
approach, manifold additional information can be derived that 
are not obtainable from one of the incorporated sources alone. 
On this basis, the second study was designated to investigate 
the implementation of this methodological approach for a 
considerably higher spatial scale by incorporating geometrical 
and categorical information of a cadastral information system. 
Regarding the remote sensing data analysis, the high spatial 
resolution WV-2 data obviously provided much more 
geometrical detail, than the moderate spatial resolution remote 
sensing data that was used for the regional scale analysis. 
However, the degree of the categorical information that was 
obtained from the WV-2 classification was principally not very 
different to the results, which were obtained for the regional 
scale analysis (cf. Figure 2a & 4). In addition, even object-
based classification approaches are not expected to lead to 
significant improvements without meticulous and time-
consuming iterative algorithm refinement. 
Concerning the enrichment of the categorical information 
content, already the conducted steps of integrating classification 
results and the cadastral ALK data revealed the high potential 
of this approach for large-scale land use/land cover analyses. In 
this study, the first focus was on the disaggregation of arable 
land using the remote sensing crop class allocations in 
conjunction with the ALK geometric information on arable land 
parcels. Thus, the classification of crops was restricted to arable 
land. For the sake of simplicity, adjacent arable land parcels 
were regarded as one coherent area. In future analyses, the 
usage of the single land parcel information will be investigated 
to further reduce classification errors (Smith and Fuller, 2001).  
For non-agricultural land use classes, the ALK land use 
information was combined with the remote sensing-based land 
use/land cover information on vegetated, bare or impervious 
surfaces to disaggregate the parcel-based land use information. 
In this regard, also misclassifications of crops in built-up areas 
were considered as valuable information for the identification 
of vegetation areas. In this way, also a higher geometrical 
accurateness concerning the delimitation of land cover patches 
was achieved.  
In addition, the representation of the transportation network 
areas is still improved through the data integration. Especially 
the relatively small accompanying areas of streets are now 
better distinguishable from other features. Corresponding 
vegetation areas like small patches of bushes that accompany 
arable land are otherwise easily ignored or confused with the 
adjacent agricultural crop. The totality of such features should 
sum up to a significant areal extent, with regard to total areas of 
vegetation classes.  
For this study only a rather outdated ALK dataset was 
available. However, for the purpose of this investigation, this 
aspect was negligible. The fact that cadastral data is usually 
continuously updated, is one of the main reasons why this data 
is especially attractive for the presented approach. While no 
dataset is without errors, there is still a high certainty of 
correctness in current ALK data. 
In terms of the data product of the cadastral data of Germany, 
the ALK is currently successively replaced by the ALKIS 
(Official Real Estate Cadastre Information System). However, 
the general findings of this investigation will still apply to the 
ALKIS. Moreover, compared to the ALK, the ALKIS conveys 
even more valuable information. For example, the ALKIS also 
contains multiple point or line features, with attributes 
concerning their areal extent (AdV, 2008a). The integration of 
such information will be investigated in the future.  
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