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Abstract
The Olomouc region in the Czech Republic has undergone significant changes in the past several decades, including the change in political system of the country in 1989. Although the political and cultural transformation is generally recognized as an important  driver of land use (Ptáček 2000), there have been few studies conducted that would empirically assess and quantify land use/land cover changes in the Czech Republic, especially in the context of the post-socialistic transformation (Fanta et al. 2004; Zemek et al. 2005). In this study, I present an approach for identifying major land use/land cover changes in the Olomouc region applying remote sensing techniques to compare data from multispectral satellite sensors acquired twelve years before and twelve years after the revolution in 1989. I pay closer attention to specific trends in land cover changes: changes in agricultural areas, forested areas, and residential development. The results support initial assumptions that the land cover will reflect the changes in human perception of landscape and natural resources, such as smaller need for intensive agriculture, shift to environmental friendly management of forested areas, or increased development and suburbanization.
1. Introduction
The Czech Republic is currently undergoing transformation from the centralized regime of communist dictatorship towards modern democratic state. Fanta et al. (2005) recognizes three main events in the last half a century that had profound consequences for the country and its land use. First, the communist “coup d’étate” and the following collectivization of land in 1950s which encompassed the introduction of large-scale collective farming, especially intense in the Olomouc region, aiming at maximum production of agricultural commodities. Second, the abolition of the totalitarian political system in 1989 which was followed by restitution of private land ownership in the 1990’s, reintroduction of democracy and market economy, and development of market-driven forms of land use. Third, the preparation of the Czech Republic for ingression to the European Union in 2004, including complete association with the EU environmental and agricultural policies, and searching for appropriate methods and forms of land use.

This research pays closer attention to specific trends in land use changes within the last 25 years: changes in agricultural areas, forest areas, and residential development. These particular trends can be described as followed.

Agricultural areas. Political transition in the Czech Republic lead to marginalization of intensive agricultural areas, i.e., a process driven by a combination of socio-economic and environmental factors due to which farming ceases to be viable at many places, resulting in frequent abandonment of the agricultural land (Fanta et al. 2004). Extensive areas of previously cultivated land in the country are now laying fallow or were converted to secondary grasslands – meadows and pastures.

Forested areas. Since their time of minimum extent at the end of the 18th century, forested areas have been increasing up to present 33% of the total vegetation cover in the country (ÚHÚL 2006). Most of the forest is far from its natural composition, as it was converted to monocultures of Norway spruce (Picea abies), serving predominantly productive function. However, since the boom of environmental consciousness in 1990s, there has been a distinctive tendency towards alternative approaches in forest management considering the natural species composition and potential vegetation (Neuhäuslová 1998).

Residential development. As in other parts of Europe, the issue of suburbanization was as well identified in the Czech Republic in the 1990’s (Ptáček 1998; Jackson 2002). However, it is represented by relatively small extent residential development in vicinities of larger cities, and does not bear the typical traits and negative effects of the American type large-scale suburban sprawl as described by Václavík (2004).

The main objective of this study is to analyze relevant remote sensing data from 1976 and 2001 and identify the locations, types, and trends of the main land use and land cover changes in the last 25 years. Although the issue of land change is examined on the background of political transformation of the country, this article does not explicitly address the effect of political changes on land cover change. However, it was assumed that the land cover will reflect some changes in human perception of landscape and natural resources, such as decreased need for intensive agriculture, shift to environmentally friendly management of forested areas, or increased development and suburbanization. The hypothesis is that the later satellite image of the Olomouc region study site will exhibit smaller total area of intensive agriculture and more meadows and pastures, fewer coniferous forests and more mixed or deciduous tree cover, as well as overall higher residential development.

2. Methods
2.1 Study Site
The study area chosen for this project is the Olomouc region in the eastern Moravian part of the Czech Republic (Figure 1). The study area of 5012 km2 covers the majority of the Olomouc county administration unit, one of the 14 administration units in CR, but the northeastern part overlaps to the Moravskoslezsky county. The central part is formed by the wide alluvial plane of the upper stream of the Morava River, surrounded by undulated hills of the Zabrezska and Drahanska uplands from the west, and Nizky Jesenik mountain range from the northeast, while the elevation ranges from 200 to 800 m a.s.l. The lowland areas are highly urbanized including major cities of Olomouc, Prerov, Zabreh, Sumperk and others. Due to favorable climate and fertile soils, lowlands historically and currently represent substantive agricultural areas in the Czech Republic. Despite its intensive development, the core of the Olomouc region is constituted by the Litovelske Pomoravi Protected Landscape Area. This exceptional piece of natural landscape is formed by naturally meandering Morava River and its several permanent and periodical branches with wetlands, meadows, and unique complexes of floodplain forests, some of the few remnants in central Europe. The other major forested habitats in the Olomouc region are located in the northeastern upland areas, predominantly composed of coniferous and mixed stands, and used for timber production.


[image: image15.png]IDRISI,
o A N e e ety G

| @ Ew © R BEn sl 2 EAm0 | & X WAy k|3
FErETs e

Chenge Anabsis | Transion Potentials | Change Predicion | Implications | Planning | Composer

) The Andes Edition.

[ B

_¥| LCM Project Parameters o

21
v [
21

['A Change Analysis

€ Gains and losses by category units: [sakm ¥

" Net change by category

 Contibutorsto et change experienced by [mixed forest =

Contributions to Net Change.

o=/
ixed forest AddLayer
meadows || e EE— Meters Remsvelaye
agricutural —

5000 Layer Properties
developedt B
mixed forest Map Propettes

coniferous | Fealure Propeties
secnius = omfaro] [ MEE|
p— pizee | A
40000 6000 00D 000 10000 15000 20000 gt R |
=
[A Change Maps 2

& Map changes ¥ lgnore tanstions less than [0 [sqkm v

© Map persiterce

© Mapgains /lossesin: | deciduous - I Irclude Persisterce.

(® ot | e |

© Exchanges between: [dsoiduons ] ordt [deoions =
Output name (optional) [=| Creste Map

A Spatial Trend of Change

| | | |





Figure 1: Study area

2.2 Data Collection
Since the study area is located in central Europe, the images from the high-resolution SPOT Earth observation satellite would be the appropriate data source for the intended study. However, the SPOT data for the study site were not freely available at the time when needed. Therefore, the Landsat Multispectral Scanner and Enhanced Thematic Mapper scenes were acquired for change detection analysis (Table 1). The MSS data included one scene (path 204, row 25) from 8 May 1976; the ETM+ data included two scenes (path 190, row 25 and path 190, row 26) from 24 May 2001. Described datasets were downloaded from the Global Land Cover Change Facility [http://glcf.umiacs.umd.edu/data/] through the web interface and imported to IDRISI geographic information system software using the GEOTIFF/TIFF conversion module.


Ancillary sets of data were collected to support land change analysis. Two sets of scanned and georeferenced black-and-white aerial photographs from 1970s and 1990, and a set of color orthophotographs from 2002 were obtained from the Litovelske Pomoravi Protected Landscape Area Administration to serve as a reference ground truth data during the map classification process. Vector data of the Czech Republic boundary and the Litovelske Pomoravi PLA area were obtained from the CENIA (Czech Environmental Information Agency) ArcIMS server [http://geoportal.cenia.cz].
	Scene number
	Path/row
	Acquisition date
	Sensor


	Format
	Spatial resolution (m)
	Bands

	044-131
	204/25
	1976-05-08
	Landsat MSS
	GEOTIFF
	57 x 57
	1 - 4

	036-343
	190/25
	2001-05-24
	Landsat ETM+
	GEOTIFF
	30 x 30
	1 – 5, 7

	036-344
	190/26
	2001-05-24
	Landsat ETM+
	GEOTIFF
	30 x 30
	1 – 5, 7


Table 1: Acquired satellite images
2.3 Image Processing and Classification
Acquired data sets were processed and examined in the Clark lab’s GIS software IDRISI 15.0 the Andes edition. Figure 2 shows the steps of image processing and classification needed to achieve defined study objectives. After downloaded from the Global Land Cover Change Facility and imported to IDRISI, the satellite data were assessed for the image quality. While both ETM+ images did not exhibit any significant radiometric noise in the entire scene, the MSS image contained a fair amount of haziness in the northeastern portion of the scene, and subtle striping throughout the entire area. As there were no meteorological data available for the time of MSS image acquisition, an absolute atmospheric correction was not able to be performed. Instead, the Principal Component Analysis (PCA) was run, using standardized variance/covariance matrix and all four MSS bands as inputs. PCA created four principal component images where the first two explained over 98% of the total variance and the remaining two components contained most of the noise. The original 4 MSS bands were restored through inverse PCA technique using the first two components.
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Figure 2: Work-flow diagram
The study area of the Olomouc region is located in the overlap of the ETM images 036-343 and 036-344 from 2001. A composite of the two overlapping images was created using mosaic technique by spatially orienting them and optionally balancing the numeric characteristics of the image set based on the overlapping areas. The average mosaic method was applied to average the base image values with the adjusted overlap image values. In addition, the WINDOW module, extracting sub-images from the set of original images, was utilized to isolate the desired extent of the study area.

The last step before actual image classification was to synchronize the spatial resolution of the images from both times. The original resolution of the MSS image was 57 x 57 meters. For the purpose of its comparison with the ETM image with resolution of 30 x 30 meters, the MSS image needed to be resampled. The resample module using parameters from the ETM image and map corners as ground control points was applied producing a total root mean square error of 0.8 m, which is less than 0.5 pixels.


The MSS 1976 and ETM 2001 images were classified using the Maximum Likelihood supervised classification because most of the land cover mapping projects have applied either supervised or unsupervised parametric classification algorithms to identify spectrally distinct groups of pixels (Smits et al. 1999). With supervised classification, the spectral signatures of the known land cover categories are first developed, using digitized training sites. The software then uses specific algorithm to assign all pixels in the image data set into defined land cover classes (Jensen 2004). Maximum Likelihood classification is based on the probability density function that is associated with a particular training site signature. All pixels are assigned to the most likely category based on an evaluation of the subsequent probability that the pixel belongs to the signature (class) with the highest probability of membership (Jensen 2004). Seven land cover categories were recognized in the Olomouc region: water, deciduous forest, coniferous forest, mixed forest, developed (urban) areas, areas of (intensive) agriculture, and meadows (grassland). Training sites were digitized based on the personal knowledge of the study area and ground truth data of aerial photographs and orthophotograps. Spectral signatures of individual land cover classes were developed and assessed for their separability. Spectral values of urban areas and agricultural areas with bare soil were mixing, therefore their training sites had to be redefined, and also the texture analysis using Dominance index and kernel window of 5x5 pixels was conducted. Finally, the Maximum Likelihood classification was run with original bands and the texture image as inputs, producing two final land cover maps of 1976 and 2001 that were compared.
An error matrix was constructed to estimate classification accuracy of produced land cover maps. The error matrix provides a basis for characterizing types of errors by cross-tabulating the classified land-cover categories in sample locations against those observed in ground reference data (Smits et al. 1999; Foody 2002). A random sampling scheme was applied to define ground-truth locations (n=100) and the aerial photographs from 1970s and 2002 were used to check for the “true” land cover classes. The overall accuracy was calculated for both maps. It represents the probability that any point on the land-cover map is assigned exactly the same category by the classifier, as the category which is identified in the ground truth sites (Wulder and Franklin 2003). In addition, the producer’s and user’s accuracies that measure omission and commission errors were estimated for individual land cover classes.

A crossclassification procedure is one of the fundamental pairwise comparison techniques used to compare two images of qualitative data (Eastman 1995). It overlays two images and calculates their all possible combinations of classes. In the case where images represent the same land cover categories at different times, persistence occurs where areas fall in the same land cover categories, and change occurs where a new category is created (Eastman 1995). IDRISI Andes offers efficient and easy to use tool for rapid assessment of land cover change and its implications based on crossclasification principles. The Land Change Modeler (LCM) for Ecological Sustainability allows a user to evaluate gains and losses in land cover classes, land cover persistence, and specific transitions between selected categories. Using the classified land cover maps from 1976 and 2001 as input parameters, this tool was applied to identify the locations and magnitude of the major land change, land persistence, and trends in transitions between land cover categories in the study area.

3. Results
Figures 3 and 4 represent the results of Maximum Likelihood classification: land cover maps depicting the situation in 1976 and 2001. The change analysis tool provides efficient statistical assessment of changes in individual land cover categories. Its result in figures 5 and 6 demonstrates that there have been significant changes in all land cover/land use categories between 1976 and 2001 with the exception of water, where the subtle change can be caused by location errors in land cover classification. Concerning the net change, which represents the earlier area of a category with added gains and subtracted losses, three land cover categories experienced major transitions. The total area of meadows (grassland) increased by 942 km2, while the area of intensive agriculture decreased by 592 km2, as well as the area of coniferous forests which decreased by 603 km2. Also the category of developed (urban) was affected by distinct change with net gain of 127 km2.


[image: image3]
Figure 3: Land cover map of 1976
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Figure 4: Land cover map of 2001
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Figure 5: Gains and losses between 1976 and 2001 in km2
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Figure 6: Net change between 1976 and 2001 in km2
A  simplified crossclassification map (figure 7) represents persistence in land cover categories, areas where no change occurred, and land cover change, areas with any type of transitions between categories (depicted in black). However, the land change and persistence map is difficult to visually interpret if the areas of individual land cover classes are not clustered, and also the type of change is not represented in this map. Therefore, the contribution to net change, i.e. the transition between specific classes, was calculated to achieve the objectives of the study. Data in figure 8 represent the contribution to net change for categories of meadows (grassland), developed (urban), and mixed forest. They reveal that agricultural areas explain about 63% of the total increase in meadows, new development occurred predominantly on former agricultural areas (over 56%), and about 16% of previous coniferous forests is currently identified as mixed forest.
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Figure 7: Land cover persistence and change
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Fig. 8: Contribution to net change in selected categories (km2)
Analysis of the error matrices revealed that the proportion of agreement between land cover categories in the classified map and the ground truth data was 77% for the 1976 period and 81% for the 2001 period. The producer’s accuracy was the lowest for the agriculture class in both 1976 and 2001maps (65% and 70%), as some of the agricultural areas were classified as meadows or developed. The user’s accuracy was the lowest for the mixed forest class (60%) in the 1976 map and for the developed class (65%) in the 2001 map. Some sites with mixed forest were falsely identified as the coniferous or deciduous class in the reference data. Some developed sites were falsely identified as agriculture or coniferous forest categories.

4. Discussion and Conclusions

This study applied remote sensing techniques to classify satellite imagery of the Olomouc region, Czech Republic from 1976 and 2001, from years before and after a major political change in the country, and compare the two resulting land cover maps, in order to identify the salient locations, types, and trends of the land cover change in the last 25 years. The results support initial assumptions based on general knowledge of some of the land use drivers in different times. There have been significant losses in categories of intensive agricultural areas and coniferous forest, and gains in meadows and developed areas. From the former agricultural areas, 23% became meadows and pastures, especially in the northeastern hilly part of the study site, and 3% were developed in the lowlands around the Litovelske Pomoravi Protected Landscape Area. About 16% from the previous coniferous forest in the eastern hilly part of the region was currently identified as mixed forest.
This study provides no empirical evidence of direct causality between discovered land cover/land use change in the study site and political and cultural transformation of the country, however, the location and trends of observed land change suggest there might be distinct correlation. Concerning the transition from a category of intensive agriculture to a category of meadows, the major trend was observed in the northeastern uplands of the study site. This observation is consistent with suggestions of Zemek et al. (2005) that the marginalization of agricultural areas occurs first at locations with unfavorable natural conditions, especially in uplands where the agricultural production was previously forced by an extensive use of fertilizers and pesticides. Concerning newly developed areas, the major trend occurred especially in the central lowland area of the study site around the Litovelske Pomoravi Protected Landscape Area. This observation is consistent with general suburbanization process in central Europe where new residential areas tend to be developed in the form of “satellite” towns in the vicinity of existing cities and recreational areas (Ptáček 1998). Regarding transition from coniferous tree cover to mixed forest, this change was observed predominantly in the northeastern hilly part of the study site, where the elevation and associated environmental conditions favor potential vegetation of mixed and deciduous forest stands. This fact correlates with the general diversion in forest management in the last 15 years from clearcut practices and spruce and pine plantations to alternative use of native deciduous species of trees in lower and middle altitudes of the country.


Classification of multispectral satellite data and comparison of land cover maps is an essential tool for assessing large-scale land cover/land use changes. However, this research left a plenty of open space remaining for future improvement. Visual comparison of classified maps with training sites as well as accuracy statistics calculated from error matrices showed inaccuracies in the classification process. Spectral mixing was apparent between the classes of developed and agriculture where barren soil was present and the texture analysis did not eliminate all of it. Also, all Landsat scenes were acquired in the spring season, when certain types of crops, such as cereals, are in a phenological stage that exhibit similar spectral response as meadows and pastures. In addition, the MSS imagery from 1976 suffered from large amount of haziness and radiometric noise, which were not entirely removed by the principal component analysis and could distinctively affect image classification. An effort to collect better quality remote sensing data, such as the ones from the SPOT sensor, should be made to improve overall accuracy of land change assessment. Finally, the Maximum Likelihood classification results might have been improved if unequal prior probabilities of the land cover classes had been assigned. Alternatively, decision tree classification techniques that learn probabilities of land cover classes from the distribution in the training data (Rogan et al. 2002) may be considered for future improvement of the analysis.
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