PART I

THEORETICAL FUNDAMENTALS 
OF LANDSCAPE SCIENCE.

 LANDSCAPE ECOLOGY
1.1. Introduction to Landscape Science
The main topics of the theme

1. Definitions of the Term “Landscape”.

2. Definitions of a Landscape Science as a Science.

3. The History of a Landscape Science in the World.

4. The Famous Scientific Schools on Landscape Science: the European, the Soviet Union’s, the Ukrainian ones. 

Recommended literature: [4, 6, 11].
The word “landscape” itself comes from Biblical times. It was used in the Book of Psalms (having the same meaning as “scenery”) about three thousand years ago. The word - noff in Hebrew concerned mainly the perception of a landscape, giving importance to visual aspect. The first emergence of the concept of landscape as a“mosaic of interacting natural elements” was very ancient, dating from the period in which humans learnt how to combine diverse landscape elements to choose an optimal site for living there. During the agricultural revolution of the early Holocene, people knew how to modify ecological mosaics to raise production and live on resources provided. 

In Europe, the first representations of topographic maps of a territory date back to the Chalcolitic Age, at the beginning of the sub-Boreal period – characterized by a cooler climate and dominated by oak and alder trees. This fact demonstrates a high level of conceptualization of the elements of the landscape. The map of Bedolina shows the representation of cultivated fields, rivers, canals and houses as topographic drawings on the smooth local rocks [29, p. 4].

In the Roman world the term “landscape” was region-regionis which stressed a geographic aspect, while the term for scenery was prospectus. A disctinction between the visual-artistic and the geographic-ecological meaning appeared in the definition of a landscape painter: “country painter, who paints the shapes of a landscape”.

In the early 1800s the word was first used as a scientific term by A. von Humboldt (in the meaning of “landform”). The scientist wrote about a landscape as a “total character of an Earth district” (von Humboldt 1807). Humboldt’s definition of landscape became a guiding principle for many landscape scientist across Europe and America when analysing landscapes in an integrated fashion – taking into account social, aesthetic, economic and environmental aspects. In 1939 the “landscape ecology” was coined by Carl Troll and by a landscape he meant a physical entity.

There are many ways to define “landscape” depending on the phenomenon under consideration and it is not necessarily defined by its size. In western literature a word “landscape” is often considered as an area of land at any scale, homogeneous for some characteristic features, containing an interesting pattern that affects and is affected by an ecological process of interest.  The broad scale of a landscape implies that many processes can be observed in the interior across a broad spectrum of temporal scales. Following the European Landscape Convention landscapes are defined as areas perceived by people, whose character is the result of the action and interaction of natural and/or human factors (Council of Europe 2000). This definition contains many important elements. The term “landscape” refers to an area, ergo a well-defined territory that is organized and managed. People perceive landscapes, and their scenic and aesthetic qualities for humans should be considered. Different landscapes have their distinct characters, which are the result of the continuous interaction of natural processes and human activities. 
Obviously, a landscape comprises the visible features of an area of land, including the physical elements of landforms, water bodies, living elements of land cover including indigenous vegetation, human elements including land uses, buildings and structures, and transitory elements such as lighting and weather conditions.
Combining both their physical origins and the cultural overlay of human presence, created over millennia, landscapes reflect the living synthesis of people and place vital to local and national identity. Landscapes, their character and quality, help define the self image of a region, its sense of place that differentiates it from other regions. Due to natural changes and in view of the history of human impact on the environment, landscape changes can occur over time scales ranging from thousands of years (climatic change sincenthe last ice age), centuries (the cultivation of arable land, settlements, etc.), decades (change of agricultural cultivation practices, sub-urbanization, opencast mining, changes of the weather sequences and water balance, etc.) and years (crop rotations) to single years (seasons, phenology and land cover), or individual (short-term) event (volcanic eruption, earthquakes, flooding). 

Thus, landscapes have a history (genesis), a current condition of state, and a developmental pathway, as well as potential natural condition or state (as an abstraction of the current or real landscape). They include renewable and unrenewable natural resources and potential use of value. Anthropogenic objects and activities also have a powerful potential of persistence against change.

1.2. Historical Roots of Landscape Science
The roots of a present-day landscape science are very different. We start from the four major cornerstone themes identified in [6].
· A Russian (Soviet Union) biophysical approach based on soil science, physical geography, and geology is represented in papers of L. Berg and many other Russian scientists. 
· Later on ideas derived from physical geography were applied at broad scales, including whole continents. C. Christian’s and A. Stewart’s papers illustarted this development on the example of Australia.

· The approaches of cultural/historical geographers, initially in Germany and France in the first half of the twenties century were examplified by C. Sauer and C. Troll. 
· A biologically based approach was mainly provided by A. Watt’s publications. 
L. Berg is recognized in geography as the founder of what is usually termed ‘Russian landscape science’ (landshaftovedenie), a conception of geography based on the assumption that the earth’s terrestrial surface is naturally divided into integrated, biophysical units or landscapes which can easily be recognized in the field. Berg defined a landscape as: “that combination or grouping of objects and phenomena in which the peculiarities of relief, climate, water, soil, vegetation and fauna, and to a certain degree human activity, blend into a single harmonious whole, typically repeated over the extent of the given zones of the Earth.” (L.S.Berg,1947). 

In L. Berg’s view, the study of such natural units formed the core of geography as a scientific discipline. The study of landscapes as zones, or of zones as landscapes, reached its apogee in the seminal book ‘Landscape-Geographical Zones of the USSR’, which was published by the M. Vavilov institute. V. Dokuchaev propounded a zonal approach to soils: great climatic zones would provide the conditions for the formation of various types of soils. V. Dokuchaev’s two main proposals were the role of climatic zones, and the development of soils by horizonation. L. Berg, following V. Dokuchaev, and thinking of loess as a soil, suggested development in situ by soil-forming processes, to form loess landscapes. L. Berg (1930) considered V. Dokuchaev to be the founder of the landscape doctrine (cited by B. Polynov, 1946), who first phrased the soil to be "the mirror of landscapes". The soil naturally combines relict and contemporary features of a landscape. The soil appears to be the aggregated sum of the interaction of all natural conditions and factors. "The soil appears to be ... a complete reflection of other elements of a landscape; it essentially differs from animals, plants, and parent rocks as it does not have its own unique origin. It does not emerge from outside in order to fit into a given landscape; it represents the creation of a landscape from the very first moment of the formation and therefore reflects the landscape properties to a much greater extent than any other element" (B. Polynov, 1946). As a matter of fact, the doctrine of landscapes distinguishes between old (inherited) landscape elements and new ones (progressive), besides those equilibrated by the environment. Soils appear to be bearers of both relict and progressive features of landscapes. Differences found in soil and vegetative cover of a landscape is not due to global climatic factors but to regional and provincial peculiarities.

It is very prominent that L. Berg’s suggestion of considering the landscape through four categories was identical to those proposed by I. Zonneveld (1990) a hundred years later. These categories are: distribution (the chorological category), form (the morphological category), material (the hylological category), and change over time (the chronological category). L. Begr viewed interrelated groups of humans, animals, plants, and landforms as key features of the inorganic and organic worlds on the earth’s surface; they form landscapes, and therefore geography is the science of landscapes … as a chorological science. He differentiated between natural landscapes (those formed without human activity) and cultural landscapes (those affected by humans).
In N. Solntsev’s view (1948), the landscape remained the focus for geography, although the scale of enquiry was refined to that of the geographic individuum as the basic landscape unit. The geographic individuum corresponds to the ideas of the geocomplex developed later in the Soviet Union and Central Europe. The value of this approach was in the identification of functional, process-based landscape units. There are the natural units of the earth’s surface that are transformed by economic activity and human intervention. In this view, land-unit processes were determined by the interrelationships between heat (energy) and moisture. According to N. Solntsev the relationship between heat and moisture determines the type of geographic process, both on plains and in mountainous landscapes. Each local deviation from the characteristic heat and moisture relationship for a particular zone leads to a local change in the type of geographic landscape (for example the occurrence of oases in desrt). 
At about the same time, the Russian scientist V. Sukachev (1944) developed a concept of a biogeocenology. The term of biogeocoenosis was introduced by him in 1944 and widely used in the former USSR as an equivalent to the western term ecosystem. According to V. Sukachev biogeocoenosis means a combination on a specific area of the earth’s surface of a particular biotic community and its ecotope (physical environment). A biogeocoenosis is considered to possess a degree of homogeneity in its structure and certain coherence in its functioning.

N. Solntsev paid great attention to the concept of natural potential of a landscape. Each geographic landscape possesses within it certain inherent natural capabilities: geobotanical, soil, geomorphological etc. The natural potential consists of a number of distinct potentials linked and influenced one another. As a landscape constantly lives and changes, then its natural potential is cganging too because of this interconnected complex of specific potentials. That is why the scientist emphasized the dynamics of landscape for determination of its trajectory of development. So, following L. Berg, N.Solntsev defines landscapes as such geneticall homogenous territory in which a regular recurrence of the same interrelated combinations of factors takes place; these factors are geological composition, forms of relief, surface and subterranean waters, microclimate, soil units, phytocoenoses, and zoocoenoses.
The second cornerstone is associated with investigations of C. Christian and A. Stewart who proposed a land system survey involving the revolutionary concept of using air photographs as an analogue model of the land resource to identify broad scale recurring patterns of land units, and then determining their characteristics by stereoscopic examination and field traverse sampling. They used a concept of land units and land systems as the basis on which and appropriate technique for comprehensive surveys and land classification was developed.

According to C. Christian (1958) parts of the land surface of a similar genesis and can be described similary in terms of the major inherent features of consequence to land use are regarded as being members of the same land unit. The land system is an assembly of land units which are geographically and genetically related. Various land forms can comprise the land system. The importance of the land system is that it aggregates smaller units into areas large enough to be mapped. Both the land unit and the land system are flexible units which can be adjusted in respect to degree of complexity.
The third cornerstone theme for landscape science is referred to cultural/historical geography. In [6] this approach is considered with the researches of Carl Troll (German School) and Carl Sauer (American School). 

C.Troll developed a methodological basis for a holistic, an ecological and integrated approach to the landscape. He was a well-known scientist when he published his landmark 1939 paper introducing the concept and term Landschaftsoekologie, which became known in its English translation as "landscape ecology." Originally trained as a von Humboldt-influenced botanist, his interests, like A. Humboldt's, extended to the areas of physical geography, phytogeographical and ecological subjects.  Alexander von Humbold defined landscape as “the total character of a region of the Earth” including in his concept the idea of landscape as the home of man with cultural and economic dimensions. Although the latitudinal and altitudinal distribution of vegetative zones was mainly described in his works and thus, he was one of pioneers in biogeography, physical geography and climatology, he stressed also the human and cultural aspects in the landscape (Von Humboldt 1814). The French geographer Vidal de la Blanche (1922) had a more historical and humanistic approach. He recognized the importance of the local community in organizing the landscape, which results in a regional differentiation that is not only based on natural conditions but also on culture and is manifest in settlement patterns and territories.

C.Troll called landscape ecology as a way of looking at the subject and considered it as “a marriage between biology and geography” (I. Zonneveld 1995). The introduction of the term landscape ecology promoted a new holistic and interdisciplinary research and reconfirmed that perception is an integral part of the concept of landscape. In 1968 C. Troll wrote (as translated by Schreiber, 1990): “Aerial photo research is to great extent landscape ecology, even if it is used, for instance, for archaeology or soil science. In reality, it is the consideration of the geographical landscape and of the ecological cause–effect network in the landscape.” 
C. Sauer was an Americal geographer who got his early education in Germany and was one of few U.S. geographers familiar with the ideas developed in Europe in terms of the landscape science. He translated and equaled the German Landschaftskunde. In 1927, Carl Sauer wrote the article "Recent Developments in Cultural Geography," which considered how cultural landscapes are made up of "the forms superimposed on the physical landscape." His paper "The Morphology of Landscape" was the most influential in developing ideas on cultural landscapes and is still cited today. In his works C. Sauer focused on the links between the geological base through geognostic factors like rock character and condition, with specific climate factors that were expressed in the vegetation and a landscape. C. Sauer viewed landscapes as being cultural entities, with forms arising from the local culture, influenced by time, within the medium of the natural landscape. These relationships would produce the various characteristics of the cultural landscape: for example, population density, housing structures and production.
Alex S. Watt, a British botanist and plant ecologist, presented the ideas of spatial ecology in his famous Presedential address to the British Ecological Society in 1947. In his address he described how plant communities are dynamic in time and space reflecting the growth of the different species. He considered pland communities as being patchy and a mosaic of different species at various growth stages; a series of small-cyclic replacements. A. Watt describes the plant community “as a working mechanism, which maintains and regenerates itself”. The complex spatial pattern across the landscape was constant, but this constancy in the pattern was maintained by the temporal changes at each point. The concept of the shifting steady-state mosaic, which incorporates natural disturbance processes, is related to A. Watt’s study.
These four approaches towards the landscape science had been developed by the 1950s. The basic part of these foundations came from geography that recognized the interconnected natural and cultural elements of landscapes. Troughout the 1950s and 1960s landscape ecology gained wider acceptance and appreciation in the German speaking countries of Europe, and it became closely linked with land planning and landscape architecture. There was a strong emphasis on land evaluation, classification, and mapping as the basis from which land-use recommendations could be developed.
A Society of Landscape Ecology was founded in the Netherlands in 1972; its members included a wide variety of scientists and practitioners whose concerns ranged from conservation to planning (I. Zonneveld, 1982). The major literature of landscape ecology from its inception until the early 1980s was predominantly in German and Dutch. . In 1982 the International Association of Landscape Ecology (IALE) was established at the 6th International Symposium on Landscape Ecological Research in Piestany, Slovakia. Since then, landscape research expanded over many different subjects. The international journals focusing on the landscape were published later on: Landscape and Urban Planning in 1986 and Landscape Ecology in 1987 with Frank Golley as the Editor-in-Chief.
    Questions & Assignments
    1. How was the term “landscape” defined in the early 1800s?  In western literature depending on the phenomena under consideration? In the European Landscape Convention? 
    2. What are the four major cornerstone themes in a present-day landscape science can be recognized?

    3. What was the Russian (and later, the Soviet Union’s) scientific school famous for?

    4. When and where the International Association of Landscape Ecology was established?
1.3. International Approaches to Different Aspects
of Landscapes Study
The main topics of the theme

1. International Hierarchical Classifications.
2. International Program “Geosphere-Biosphere” conserning Landscape Classification. 

3. The United States Geological Survey Classification.

4. European Landscape Classification Approach.
5. Expert Network “Landscape Europe” – Regionalization and Unification of Landscapes 
Recommended literature: [19, 30, 31, 33].
1.3.1. International Hierarchical Classifications
     Ecosystems can be distinguished at different spatial scales: from entire oceans or climate zones to mall ponds, hedgerows or even smaller. In general, patterns or mosaics can be subdivided in finer patterns and mosaics again and again. As a consequence, ecosystems can be mapped at different spatial scales, from very detailed to global. The maps can be regarded as hierarchical also, with the more detailed maps showing the internal variability of the units defined at the scale level above.

Landscapes and their component patches can be classified using different approaches either anthropocentric or dependent on perceptive capacity. According to A. Farina [2] classification of patches can be considered from different points of view. Structural patch: composed of a soil type overlapped by associations of vegetation. Functional patch is represented by an area homogenous for function such as altitude, temperature, moisture, light penetration. Resource patch is mainly related to animal ecology, a landscape can be described as a combination of resource patches. These are considered as a part of an animal’s home range in which specific functions are concentrated (food, nesting sites, roosts etc.) Habitat patch may be defined as distinct plant community types that are usually larger that an individual home range. Corridor patch as a portion of the land mosaic that is used by an organism to move, explore, disperse and migrate.
A physiotope is defined as a spatial unit characterized by relatively homogeneous abiotic state factors. A physiotope is classified using geology, aspect and slope rate. It is the basis for further landscape classification. In soil classification the elementary unit is the pedon; a polypedon is considered to be grouping of contiguous pedons. The physiotope may be considered to be a pedon plus other edaphic and microclimatic characters.

Adding to the physiotope vegetation, land use and humus forms, it is possible to classify the ecotopes (elementary landscapes). These discrete units are further distinctions of the land type that can be found in a region. The ecotope classifications depend on different purposes and details requested. Facias are defined as a biotic community existing in a soil pedon.

The landscape is composed of site clusters, the highest level represented by land systems, regions, ecoregions, climatic zones etc. This classification may be considered as a hierarchical classification that includes the physiotope at the lowest level, then the ecotope, the land unit and the land system. The ecotop represents the topological dimension of a landscape, whereas the land unit and higher aggregations form the chronological dimension.

For the classification and mapping of ecosystems the following principles are relevant: 
· when zooming in, the detail is steadily increasing; classes become narrower and the number of limits increases;
· limits that have been defined at a certain level will, in principle, remain intact at more detailed classification levels. The differentiating characteristics of higher classification levels overrule those at lower levels; 
· the limits between already existing mapping units may, however, be defined more accurately at more detailed mapping scales.

Different examples of nomenclatures are given in Tables 1.1 and 1.2 (according to Frans Klijn and Helias A. Udo de Haes, 1994).
Table 1.1 

NOMENCLATURE PROPOSAL FOR HIERARCHICAL ECOSYSTEM CLASSIFICATION AT VARIOUS SPATIAL SCALES

	
	INDICATIVE MAPPING SCALE
	BASIC MAPPING UNIT

	ecozone
	1: > 50.000.000
	> 62.500 km2

	ecoprovince
	1: 10.000.000 - 50.000.000
	2.500 - 62.500 km2

	ecoregion
	1: 2.000.000 - 10.000.000
	100 - 2.500 km2

	ecodistrict
	1: 500.000 - 2.000.000
	625 - 10.000 ha

	ecosection
	1: 100.000 - 500.000
	25 - 625 ha

	ecoseries
	1: 25.000 - 100.000
	1,5 - 25 ha

	ecotope
	1: 5.000 - 25.000
	0,25 - 1,5 ha

	eco-element
	1: < 5.000
	< 0,25 ha


Ecozones are related to the world-embracing climate zones. They can be distinguished on the basis of the Köppen system for regional climates. The Köppen climate classification is one of the most widely used climate classification systems. It was first published by Russian German climatologist Wladimir Köppen in 1884. The system is based on the concept that native vegetation is the best expression of climate. Thus, climate zone boundaries have been selected with vegetation distribution in mind. It combines average annual and monthly temperatures and precipitation, and the seasonality of precipitation. The pattern is reflected by the zonal pattern of soils and vegetation. Hence, ecozones correspond largely with the zonobiomes or the domains according to other nomenclatures. The main well-known ecozone types are the arctic, the subarctic with tundra vegetation, the boreal zone with taiga coniferous forests, the temperate zone, the mediterranean, the (semi-)deserts, the dry tropical zone with savannas and the wet tropical zone with rain forests. Also in the oceans, ecozones can be distinguished. These are determined by the interaction of climate and largescale ocean currents.

Table 1.2
COMPARISON OF THE NOMENCLATURE OF SOME ECOLOGICAL CLASSIFICATION SYSTEMS OF HIERARCHICAL CHARACTER – COMPARABLE CONCEPTS HAVE BEEN PLACED ON THE SAME LEVEL

	Australia
	Britain
	Canada
	former USSR
	United States

	
	
	
	zone
	

	
	
	
	
	domain

	
	land zone
	
	
	division

	
	land region
	ecoregion
	province
	province

	
	land district
	ecodistrict
	
	section

	
	
	
	landscape
	

	land system
	land system
	ecosection
	
	district

	
	land type
	ecosite
	urochishcha
	landtype association

	land unit
	
	
	
	

	land type
	land phase
	
	
	landtype

	site
	
	ecoelement
	
	landtype phase

	
	
	
	facia
	site


Ecoprovinces are related to geological and geomorphological characteristics at very large scales and climatic variations resulting from large physiographic differences. The pattern of ecoprovinces would correspond with the pattern of the provinces or the orobiomes and some pedobiomes according to other nomenclatures. As examples, mountain ridges such as the Rocky Mountains or the Alps may be mentioned, or the Scandinavian Shield or Great Plains.
Ecoregions are homogeneous with respect to again geological and geomorphological characteristics. However, the geological subdivion may be more detailed, distinguishing between different rock types in large groups. For example a distinction between sandstones, marls, and various igneous rocks may be relevant at this scale level. Also, a further subdivision as to relative height (geomorphology) and the main surface water and groundwater flows may be made.

Ecodistricts are spatial units which are homogeneous as to slowly changing geological, geomorphological groundwater and surface water characteristics. These largely correspond with soil groups as determined by parent material. The geohydrological character of ecodistricts is relatively homogeneous with respect to infiltration and discharge of surface water on the one hand or upward seepage and concentration of surface water on the other. 
Ecosections are spatial units which are homogeneous with respect to individual geomorphological features, such as lowland brook valleys, water divides, individual slopes, slumps, mud-flows, debris cones, etc. They are distinguished on the basis of geomorphology, soil groups and groups of groundwater regime.

Ecoseries are homogeneous as to abiotic site conditions which are relevant for plant growth. They are distinguished on the basis of abiotic characteristics of soil, groundwater and surface water, which can be determined without instruments other than a hand auger. The site characteristics used for classifying ecoseries must preferably be relatively stable for periods of tens of years when not disturbed by men. This almost automatically implies a kind of ecological soil classification, because the soil may be considered the most important site factor for plant growth in most parts of the world. Within ecoseries, vegetation types can be encountered which differ in vegetation structure. These can be understood as succession stages due to land use practices, thus forming series of vegetation types related in time. An ecoseries classification and mapping is valuable for estimating potential or climax vegetations or for forecasting vegetation developments.

Ecotope is a generally accepted term for the geographical extension of an ecosystem in Europe. The use of this concept reveals that ecosystems of a certain dimension are referred to, such as a raised bog, an agricultural field, and small forest patch or dune slack grassland. Hence, a certain spatial scale can be attached to the ending - tope.
     Eco-elements may develop by vegetation processes such as string formation in bogs, dominance of certain species with rhizome-multiplication, but also hedgerows or termite mounds may be regarded as eco-elements. These small-scale ecosystems may be mapped as patches, but only at very detailed mapping scales (1: < 10 000). The term is suggested for the spatially most restricted ecosystems.
1.3.2. International Geosphere-Biosphere Programme concerning Landscape Classification 

By the beginning of the 90s of the last century the data bank on land cover had been composed by the world community. And by 2000 a recognized need in global cooperation on optimization and composing of the information had appeared. As a result International Geosphere-Biosphere Programme (IGBP) appeared and the world landscape classification by ecosystem type was developed the fragment of which is presented in Table 1.3. Global land cover areas were determined by the Global Land Cover Characteristics (GLCC) project. The project used a framework of temporal and spatial patterns of satellite data, in conjunction with ancillary data, to assign a vegetation classification to each pixel. Here are definitions of each ecosystem area.

    Evergreen needleleaf forests are dominated by trees with a percent canopy cover of greater than 60% and height exceeding 2 meters. Almost all of its trees remain green all year. Its canopy is never without green foliage. Evergreen broadleaf forests aredominated by trees with a percent canopy cover of greater than 60% and height exceeding 2 meters. Almost all of its trees remain green year all year. Its canopy is never without green foliage.
Table 1.3
LAND AREA CLASSIFICATION BY ECOSYSTEM TYPE (IN SQUARE KILOMETERS)

(Source: United States Geological Survey, Global Land Cover Characteristics Database)
	
	Forests
	

	
	Evergreen
	Deciduous
	
	Shrublands
	Savannas

	
	Needleaf
	Broadleaf
	Needleaf
	Broadleaf
	Mixed
	Closed
	Open
	Woody
	Non- woody

	EUROPE
	1,811,420
	1,763
	1,926,091
	461,372
	5,114,041
	444,583
	3,205,911
	664,743
	21,512

	Ukraine
	9,647
	0
	163
	11,124
	13,947
	0
	389
	286
	0

	Belarus
	2,435
	0
	142
	1,319
	2,801
	0
	2
	0
	0


	
	Permanent
	Urban and Built-up
	Cropland/

Natural Vegetation Mosaics
	Snow and ice
	Barren or Sparsely Vegetated
	Water Bodies

	
	Grasslands
	Wetlands
	Croplands
	
	
	
	
	

	EUROPE
	715,448
	590,482
	3,921,065
	95,703
	2,124,154
	131,388
	755,316
	755,583

	Ukraine
	5,827
	0
	285,366
	16,106
	238,535
	0
	90
	14,397

	Belarus
	443
	0
	52,768
	759
	144,276
	0
	0
	1,944


Deciduous needleleaf forests are dominated by trees with a percent canopy cover of greater than 60% and height exceeding 2 meters. It consists of seasonal needleleaf tree communities with an annual cycle of leaf-on and leaf-off periods. Deciduous broadleaf forests are dominated by trees with a percent canopy cover of greater than 60% and height exceeding 2 meters. It consists of seasonal broadleaf tree communities with an annual cycle of leaf-on and leaf-off periods.

Closed shrublands are lands with woody vegetation less than 2 meters tall and with shrub canopy cover greater than 60%. The shrub foliage can be either evergreen or deciduous. Open shrublands are lands with woody vegetation less than 2 meters tall and with shrub canopy cover is between 10-60%. The shrub foliage can be either evergreen or deciduous.

Woody Savannas are lands with herbaceous and other understory systems and with forest canopy cover between 30-60%. The forest cover height exceeds 2 meters. Non-Woody Savannas are lands with herbaceous and other understory systems, and with forest canopy cover between 10-30%. The forest cover height exceeds 2 meters.

Grasslands are lands with herbaceous types of cover. Tree and shrub cover is less than 10%.

Permanent wetlands are lands with a permanent mixture of water and herbaceous or woody vegetation that cover extensive areas. The vegetation can be present in either salt, brackish, or fresh water.

Croplands are lands covered with temporary crops followed by harvest and a bare soil period (e.g., single and multiple cropping systems). Note that perennial woody crops will be classified as the appropriate forest or shrub land cover type.

Urban and built-up areas are covered by buildings and other man-made structures. Note that this class will not be mapped from the AVHRR imagery but will be developed from the populated places layer that is part of the Digital Chart of the World (Defense Mapping Agency, 1992).

Cropland/natural vegetation mosaics are lands with a mosaic of croplands, forests, shrublands, and grasslands in which no one component comprises more than 60% of the landscape.

Snow and ice covered areas are lands under snow and/or ice cover throughout the year.

Barren and sparsely vegetated areas are lands of exposed soil, sand, rocks, or snow and never has more than 10% vegetated cover during any time of the year.

Water bodies are oceans, seas, lakes, reservoirs, and rivers. They can be either fresh or salt water bodies.

The GLCC describes the method used to classify vegetation types as a "multitemporal unsupervised classification of NDVI (Normalized Difference Vegetation Index) data with post-classification refinement using multi-source earth science data". NDVI data are a measure of "greenness" derived from satellite data. The satellite data in this study were from the Advanced Very High Resolution Radiometer (AVHRR), and have a resolution of 1 X 1 km. The other data sets employed were a digital elevation model to help model ecological factors that govern natural vegetation distribution, ecoregions data to help determine where vegetation would be stratified by seasonal impacts, and maps of soils, vegetation, and land cover to help with the post-classification refinement.

The GLCC study derived land cover classifications from satellite data in five steps:

1. AVHRR data preparation. In this step the daily satellite data are composited into one monthly value so as to provide higher-quality, cloud-free images. Masks are applied to screen out built-up areas, water bodies, permanent ice, and barren areas, all areas where NDVI is not a useful indicator of land cover type.

2. Unsupervised classification. Those areas not screened out are classified using an automated classification approach called unsupervised clustering, often used where location and characteristics of specific classes are unknown. Groupings of pixels with similar properties are identified.

3. Preliminary Labeling. After clusters are determined, the characteristics of each are investigated to determine the land cover type or types fall within it. This involves inspecting the spatial patterns and spectral or multi-temporal statistics of each class. Statistics and graphs of each are generated and their relationship to existing ancillary data is described. The graphs and statistics are then interpreted and a land cover type or types are assigned to each class. Generally, three interpreters label each class.

4. Postclassification Stratification. This step separates classes containing two or more disparate land cover types. This step is important because disparate land cover types, usually a natural and agricultural land cover types, are often clustered together due to spectral similarities. These problems are usually solved using criteria based on the relationship between the confused seasonal greenness classes and selected ancillary data sets. Elevation and ecoregion data are often the most useful ancillary data sets.

5. Final Land Cover Characterization. The final step is to make up a collection of attributes that describe the characteristics of each seasonal land cover region. The classifications are then labeled according to various commonly-used schemes and then published.
1.3.3. The United States Geological Survey Classification
The multilevel land use and land cover classification system developed by the U.S. Geological Survey (USGS) (Anderson et al., 1976) is an example of the types of categories that can be used for landscape analysis. The main approach to this classification is sensors resolution assuming a 6 inch focal length camera used in obtaining aircraft imagery (Table 1.4).
Table 1.4

DATA CHARACTERISTICS

	Level
	Typical data characteristics

	I
	LANDSAT type of data

	II
	High-altitude data at 40,000 ft (12,400 m) or above (less than l:80,000 scale)

	III
	Medium-altitude data taken between 10,000 and 40,000 ft (3,100 and 12,400 m) (1:20,000 to 1:80,000 scale)

	IV
	Low-altitude data taken below 10,000 ft (3,100 m) (more than 1:20,000 scale)


This scheme is a hierarchical arrangement of categories from general to specific. For example, forest (Level I of the classification) may be subdivided into deciduous, evergreen, or mixed forestland (Level II). Further divisions (Level II) would distinguish dominant species groups. Landscape data arranged by this classification are presumed to be homogeneous, an important assumption that must be recalled when interpreting landscape data. 
Information at Levels I and II would be of interest to users who need data on a nationwide, interstate, or statewide basis. More detailed land use and land cover data such as those categorized at Levels III and IV will be used more frequently by those who need and generate local information at the intrastate, regional, county, or municipal level. It is intended that these latter levels of categorization will be developed by the user groups themselves, so that their specific needs may be satisfied by the categories they introduce into the structure (Table 1.5). 

Urban or Built-up Land comprises the areas of intensive use with much of the land covered by structures. Included in this category are cities, towns, villages, strip developments along highways, transportation, power, and communications facilities, and areas such as those occupied by mills, shopping centers, industrial and commercial complexes, and institutions that may be isolated from urban areas.

Residential (11) land uses range from high density, represented by the multiple-unit structures of urban cores, to low density, where houses are on lots of more than an acre, on the periphery of urban expansion. Linear residential developments along transportation routes extending outward from urban areas should be included to urban centers, but care must be taken to distinguish them from commercial strips in the same locality. 

Commercial and Service (12) category are urban central business districts; shopping centers, usually in suburban and outlying areas; commercial strip developments along major highways and access routes to cities; junkyards; resorts; and so forth. The main buildings, secondary structures, and areas supporting the basic use are all included office buildings, warehouses, driveways, sheds, parking lots, landscaped areas, and waste disposal areas.
There is no separate category for recreational land uses at Level II since most recreational activity is pervasive throughout many other land uses. Selected areas are predominantly recreation oriented, and some of the more distinctive occurrences such as drive-in theaters can be identified on remote sensor imagery.

Table 1.5

USGS LAND-USE, LAND-COVER CLASSIFICATION SYSTEMS: 
AN EXAMPLE OF A HIERARCHICAL CLASSIFICATION 
(according to Anderson et al., 1976)
	Level I
	Level II

	1 Urban or built-up 
   land
	11 Residential

	
	12 Commercial and Services

	
	13 Industrial

	
	14 Transportation, communication, or  

      utilities

	
	15 Industrial and commercial

	
	16 Mixed urban or built up

	
	17 Other Urban or Built-up Land

	2 Agricultural land
	21 Cropland and pasture

	
	22 Orchards, groves, vineyards, horticulture

	
	23 Confined feeding operations

	
	24 Other agricultural land

	3 Rangelands
	31 Herbaceous rangelands

	
	32 Shrub and brush rangelands

	
	33 Mixed rangelands

	4 Forest land
	41 Deciduous forest land

	
	42 Evergreen forest land

	
	43 Mixed forest land

	5 Water
	51 Streams and canals

	
	52 Lakes

	
	53 Reservoirs

	
	54 Bays and estuaries

	6 Wetland
	61 Forested wetlands

	
	62 Nonforested wetlands

	7 Barren land
	71 Dry salt flats

	
	72 Beaches

	
	73 Sandy areas, except beaches

	
	74 Bare exposed rock

	
	75 Strip mines, quarries, gravel pits

	
	76 Transitional areas

	
	77 Mixed barren land

	8 Tundra
	

	9 Perennial snow or ice
	


Industrial (13) areas include a wide array of land uses from light manufacturing to heavy manufacturing plants. Identification of light industries those focused on design, assembly, finishing, processing, and packaging of products can often be based on the type of building, parking, and shipping arrangements. Light industrial areas may be, but are not necessarily, directly in contact with urban areas; many are now found at airports or in relatively open country. Heavy industries use raw materials such as iron ore, timber, or coal. Included are steel mills, pulp and lumber mills, electric power generating stations, oil refineries and tank farms, chemical plants, and brick making plants. Stockpiles of raw materials and waste-product disposal areas are usually visible, along with transportation facilities capable of handling heavy materials.

Surface structures associated with mining operations are included in this category. Surface structures and equipment may range from a minimum of a loading device and trucks to extended areas with access roads, processing facilities, stockpiles, storage sheds, and numerous vehicles. Spoil material and slag heaps usually are found within a short trucking distance of the major mine areas and may be the key indicator of underground mining operations. Uniform identification of all these diverse extractive uses is extremely difficult from remote sensor data alone.

Transportation, communications, and utilities (14) occur to some degree within all of the other Urban or Buildup categories and actually can be found within many other categories. Unless they can be mapped separately, they usually are considered an integral part of the land use within which they occur.

Highways and railways are characterized by areas of activity connected in linear patterns. Communications and utilities areas such as those involved in processing, treatment, and transportation of water, gas, oil, and electricity and areas used for airwave communications are also included in this category.

Industrial and Commercial Complexes (15) category includes those industrial and commercial land uses that typically occur together or in close functional proximity. Such areas commonly are labeled with terminology such as "Industrial Park". Industrial and Commercial complexes have a definite remote sensor image signature which allows their separation from other Urban or Built-up land uses. 

Mixed Urban or Built-up (16) category is used for a mixture of Level II Urban or Built-up uses where individual uses cannot be separated at mapping scale. Where more than one-third intermixture of another use or uses occurs in a specific area, it is classified as Mixed Urban or Built-up Land.

Other Urban or Built-up Land (17) typically consists of uses such as golf driving ranges, zoos, urban parks, cemeteries, waste dumps, water-control structures and spillways, the extensive parts of such uses as golf courses and ski areas, and undeveloped land within an urban setting.
Agricultural Land may be defined broadly as land used primarily for production of food and fiber. On high-altitude imagery, the chief indications of agricultural activity will be distinctive geometric field and road patterns on the landscape and the traces produced by livestock or mechanized equipment. Distinguishing between Agricultural and Urban or Built-up Lands ordinarily should be possible on the basis of urban-activity indicators and the associated concentration of population. The interface of Agricultural Land with other categories of land use may be a transition zone in which there is an intermixture of land uses at first and second levels of categorization.

Cropland and Pasture (21) cropland harvested; cultivated summer fallow and idle cropland; land on which crop failure occurs; cropland in soil-improvement grasses and legumes; cropland used only for pasture in rotation with crops; and pasture on land more or less permanently used for that purpose. From imagery alone, it generally is not possible to make a distinction between Cropland and Pasture with a high degree of accuracy and uniformity. Moreover, some of the components represent the condition of the land at the end of the growing season and will not apply exactly to imagery taken at other times of the year.

Orchards, groves, vineyards (22) produce the various fruit and nut crops. Nurseries and horticultural areas include floricultural and seed-and-sod areas and some greenhouses. Tree nurseries which provide seedlings for plantation forestry also are included here. Many of these areas may be included in another category, generally Cropland and Pasture, when identification is made by use of small-scale imagery alone. Identification may be aided by recognition of the combination of soil qualities, topography, and local climatological factors needed for these operations: water bodies in close proximity which moderate the effects of short duration temperature fluctuations; site selection for air drainage on sloping land; and deep well-drained soils on slopes.  
Confined Feeding Operations (23) are large, specialized livestock production enterprises, chiefly beef cattle feedlots, dairy operations with confined feeding, and large poultry farms, but also including hog feedlots. These operations have large animal populations restricted to relatively small areas. The result is a concentration of waste material that is an environmental concern. The waste-disposal problems justify a separate category for these relatively small areas. Confined Feeding Operations have a built-up appearance, chiefly composed of buildings, much fencing, access paths, and waste-disposal areas. 

Other Agricultural lands (24) include farmsteads, holding areas for livestock such as corrals, breeding and training facilities on horse farms, farm lanes and roads, ditches and canals, small farm ponds, and similar uses. Such occurrences generally are quite small in area and often uninterruptible by use of high-altitude data. This category should be used for aggregating data for land uses derived at more detailed levels of classification.
Rangeland historically has been defined as land where the potential natural vegetation is predominantly grasses, grass like plants, shrubs and where natural herbivore was an important influence in its pre-civilization state. Management techniques which associate soil, water, and forage-vegetation resources are more suitable for rangeland management than are practices generally used in managing pastureland. Some rangelands have been or may be seeded to introduced or domesticated plant species.

Herbaceous Rangeland (31) category encompasses lands dominated by naturally occurring grasses and forbs. It includes the tall grass (or true prairie), short grass, bunch grass, and desert grass regions. Respectively, these grass regions represent a sequence of declining amounts of available moisture.

Shrub and Brush Rangeland (32) are found in those arid and semiarid regions characterized by such xerophytic vegetative types with woody stems as big sagebrush, greasewood etc., also by the typical desert succulent xerophytes, such as the various forms of Cactus. The type, density, and association of these various species are useful as indicators of the local hydrologic and pedologic environments. The eastern brush lands are typically former croplands or pasture lands (cleared from original forest land) which now have grown up in brush in transition back to forest land to the extent that they are no longer identifiable as cropland or pasture from remote sensor imagery.

Mixed Rangeland (33) is classified so when more than one-third intermixture of either herbaceous or shrub and brush rangeland species occurs in a specific area.
Forest Lands have a tree-crown areal density (crown closure percentage) of 10 percent or more, are stocked with trees capable of producing timber or other wood products, and exert an influence on the climate or water regime. Forest Land generally can be identified rather easily on high-altitude imagery. Auxiliary concepts associated with Forest Land, such as wilderness reservation, water conservation, or ownership classification, are not detectable using remote sensor data. Such concepts may be used for creating categories at the more detailed levels when supplemental information is available. At Level II, Forest Land is divided into three categories: Deciduous, Evergreen, and Mixed.

Deciduous Forest Land (41) includes all forested areas having a predominance of trees that lose their leaves at the end of the frost-free season or at the beginning of a dry season. In most parts of the United States, these would be the hardwoods such as oak, maple, hickory and the "soft" hardwoods, such as aspen. Tropical hardwoods are included in the Evergreen Forest Land category. 

Evergreen Forest Land (42) includes all forested areas in which the trees are predominantly those which remain green throughout the year. Both coniferous and broadleaved evergreens are included in this category. The coniferous evergreens are commonly referred to or classified as softwoods. They include such eastern species as the longleaf pine, slash pine, shortleaf pine, and other southern yellow pines; various spruces and balsam fir; white pine, red pine and jack pine and other types of fir trees.
Mixed Forest Land (43) includes all forested areas where both evergreen and deciduous trees are growing and neither predominates. When more than one third intermixture of either evergreen or deciduous species occurs in a specific area, it is classified as Mixed Forest Land. Where the intermixed land use or uses total less than one-third of the specified area, the category appropriate to the dominant type of Forest Land is applied, whether Deciduous or Evergreen.

The delineation of water areas depends on the scale of data presentation and the scale and resolution characteristics of the remote sensor data used for interpretation of land use and land cover. Water as defined by the Bureau of the Census includes all areas within the land mass of the United States that persistently are water covered, provided that, if linear, they are at least 1/8 mile (200 m) wide and, if extended, cover at least 40 acres (16 hectares). For many purposes, agencies need information on the size and number of water bodies smaller than Bureau of the Census minimums. These frequently can be obtained from small-scale remote sensor data with considerable accuracy.

Streams and Canals (51) category includes rivers, creeks, canals, and other linear water bodies. Where the water course is interrupted by a control structure, the impounded area will be placed in the Reservoirs category. The boundary between streams and other bodies of water is the straight line across the mouth of the stream up to 1 nautical mile (1.85 km). Beyond that limit, the classification of the water body changes to the appropriate category, whether it be Lakes, Reservoirs, or Bays and Estuaries.

Lakes (52) are nonflowing, naturally enclosed bodies of water, including regulated natural lakes but excluding reservoirs. Islands that are too small to delineate should be included in the water area. The delineation of a lake should be based on the areal extent of water at the time the remote sensor data are acquired.

Reservoirs (53) are artificial impoundments of water used for irrigation, flood control, municipal water supplies, recreation, hydroelectric power generation, and so forth. Dams, levees, other water-control structures, or the excavation itself usually will be evident to aid in the identification. 

Bays and Estuaries (54) are inlets or arms of the sea that extend inland. They are included in this system only when they are considered to be inland water and therefore are included within the total area of the United States.

Wetlands are those areas where the water table is at, near, or above the land surface for a significant part of most years. The hydrologic regime is such that aquatic or hydrophytic vegetation usually is established, although alluvial and tidal flats may be nonvegetated. Wetlands frequently are associated with topographic lows, even in mountainous regions. Examples of wetlands include marshes, mudflats, and swamps situated on the shallow margins of bays, lakes, ponds, streams, and manmade impoundments such as reservoirs. They include wet meadows or perched bogs in high mountain valleys and seasonally wet or flooded basins, playas, or potholes with no surface-water outflow. Cultivated wetlands such as the flooded fields associated with rice production and developed cranberry bogs are classified as Agricultural Land. Uncultivated wetlands from which wild rice, or wood products, and so forth are harvested, or wetlands grazed by livestock, are retained in the Wetland category.

Remote sensor data provide the primary source of land use and vegetative cover information for the more generalized levels of this classification system. Vegetation types and detectable surface water or soil moisture interpreted from such data provide the most appropriate means of identifying wetlands and wetland boundaries. Inasmuch as vegetation responds to changes in moisture conditions, remote sensor data acquired over a period of time will allow the detection of fluctuations in wetland conditions. Ground surveys of soil types or the duration of flooding may provide supplemental information to be employed at the more detailed levels of classification.

Two separate boundaries are important with respect to wetland discrimination: the upper wetland boundary above which practically any category of land use or land cover may exist, and the boundary between wetland and open water beyond which the appropriate Water category should be employed.

Forested Wetlands (61) are wetlands dominated by woody vegetation. Forested Wetland includes seasonally flooded bottomland hardwoods, mangrove swamps, shrub swamps, and wooded swamps. Because Forested Wetlands can be detected and mapped by the use of seasonal (winter/summer) imagery, and because delineation of Forested Wetlands is needed for many environmental planning activities, they are separated from other categories of Forest Land.

Nonforested Wetlands (62) are dominated by wetland herbaceous vegetation or are nonvegetated. These wetlands include tidal and nontidal fresh, brackish, and salt marshes and nonvegetated flats and alsofreshwater meadows, wet prairies, and open bogs.

Barren Land is land of limited ability to support life and in which less than one-third of the area has vegetation or other cover. In general, it is an area of thin soil, sand, or rocks. Unusual conditions, such as a heavy rainfall, occasionally result in growth of a short- lived, more luxuriant plant cover.
Dry Salt Flats (71) occurring on the flat-floored bottoms of interior desert basins which do not qualify as Wetland are included in this category. On aerial photographs, Dry Salt Flats tend to appear white or light toned because of the high concentrations of salts at the surface as water has been evaporated, resulting in a higher albedo than other adjacent desert features.

Beaches (72) are the smooth sloping accumulations of sand and gravel along shorelines. The surface is stable inland, but the shoreward part is subject to erosion by wind and water and to deposition in protected areas.

Sandy areas other than Beaches (73) are composed primarily of dunes accumulations of sand transported by the wind. Sand accumulations are found most commonly in deserts although they also occur on coastal plains, river flood plains, and deltas and in periglacial environments.

Bare Exposed Rock (74) category includes areas of bedrock exposure, desert pavement, scarps, talus, slides, volcanic material, rock glaciers, and other accumulations of rock without vegetative cover, with the exception of such rock exposures occurring in tundra regions.

Strip Mines, Quarries and Gravel Pits (75)- those extractive mining activities that have significant surface expression are included in this category. Vegetative cover and overburden are removed to expose such deposits as coal, iron ore, limestone, and copper. Quarrying of building and decorative stone and recovery of sand and gravel deposits also result in large open surface pits. Current mining activity is not always distinguishable, and inactive, unreclaimed, and active strip mines, quarries, borrow pits, and gravel pits are included in this category until other cover or use has been established, after which the land would be classified in accordance with the resulting use or cover. Unused pits or quarries that have been flooded, however, are placed in the appropriate Water category.

Transitional Areas (76) category is intended for those areas which are in transition from one land use activity to another. They are characterized by the lack of any remote sensor information which would enable the land use interpreter to predict reliably the future use or discern the past use. All that actually can be determined in these situations is that a transition is in progress, and inference about past or future use should be avoided. This transitional phase occurs when, for example, forest lands are cleared for agriculture, wetlands are drained for development, or when any type of land use stops as areas become temporarily bare as construction is planned. Land being altered by filling, such as occurs in spoil dumps or sanitary landfills, also is indicative of this transitional phase.

Mixed Barren Land (77) category is used when a mixture of Barren Land features occurs and the dominant land use occupies less than two-thirds of the area. Such a situation arises, for example, in a desert region where combinations of salt flats, sandy areas, bare rock, surface extraction, and transitional activities could occur in close proximity and in areal extent too small for each to be included at mapping scale. Where more than one-third intermixture of another use or uses occurs in a specific area, it is classified as Mixed Barren Land.

Tundra is the term applied to the treeless regions beyond the limit of the boreal forest and above the altitudinal limit of trees in high mountain ranges. In the United States, tundra occurs primarily in Alaska, in several areas of the western high mountain ranges, and in small isolated locations in the higher mountains of New England and northern New York. The timber line which separates forest and tundra in alpine regions corresponds to an arctic transition zone in which trees increasingly are restricted to the most favorable sites. The vegetative cover of the tundra is low, dwarfed, and often forms a complete mat. These plant characteristics are in large part the result of adaptation to the physical environment one of the most extreme on Earth, where temperatures may average above freezing only 1 or 2 months out of the year, where strong desiccating winds may occur, where great variation in solar energy received may exist, and where permafrost is encountered almost everywhere beneath the vegetative cover. The number of species in the tundra flora is relatively small compared with typical middle- and low latitude flora, and this number of species decreases as the environment becomes increasingly severe with changes of latitude and altitude. 

The boundaries between Tundra, Perennial Snow or Ice, and Water are best determined by using images acquired in late summer. The Forest Land Tundra boundary in the Arctic tends to be transitional over a wide area and characterized by either incursion of forests where site improvement occurs, as along the flood plains or river valleys, or by increasing environmental severity, as on exposed dry uplands. Using the results of various investigations, Level II categories of Tundra based primarily on what is interpretable from remote sensor image signatures are: Shrub and Brush Tundra, Herbaceous Tundra, Bare Ground Tundra, Wet Tundra, and Mixed Tundra. These categories we are not supposed to consider in this manual as such areas are not found in Ukraine. Their description for the Russian Federation territory is given in many corresponding publications. 
Perennial Snow or Ice. Certain lands have a perennial cover of either snow or ice because of a combination of environmental factors which cause these features to survive the summer melting season. In doing so, they persist as relatively permanent features on the landscape and may be used as environmental surrogates. Snow, firn (coarse, compacted granular snow), or ice accumulation in these areas exceeds ablation, which is the combined loss of snow or ice mass by evaporation and melt-water runoff. 
The terminology and nomenclature of any subdivision of Perennial Snow or Ice areas are always subject to considerable debate, but a Level II breakdown into categories of Perennial Snowfields and Glaciers seems to be appropriate for use with remote sensor data. Such a subdivision is based on surface form and the presence or absence of features indicating glacial flow. In addition, these forms and flow features may be related to stage of development and certain periglacial or glacial processes.

Perennial Snowfields (91) are accumulations of snow and firn that did not entirely melt during previous summers. Snowfields can be quite extensive and thus representative of a regional climate, or can be quite isolated and localized, when they are known by various terms, such as snow banks. The regional snowline is controlled by general climatic conditions and closely parallels the regional 32 degrees F (0oC) isotherm for the average temperature of the warmest summer month. Snowfields can normally be distinguished from the following Glacier category by their relative lack of flow features.

Glacial  (92) ice originates from the compaction of snow into firn and finally to ice under the weight of several successive annual accumulations. Refrozen melt water usually contributes to the increasing density of the glacial ice mass. With sufficient thickness, weight, and bulk, flow begins, and all glaciers exhibit evidence of present or past motion in the form of moraines, crevasses, and so forth. Where the snowline of adjacent ice-free areas extends across the glacier, it is known as the firn limit, which represents the dividing line between the glacier's two major zones, the zone of accumulation and the zone of ablation. 
1.3.4. European Landscape Classification Approach
The main approaches concerning landscape typologies and landscape character assessment (LCA) at the European level are presented in this chapter. The current European landscapes were formed by their rich human history; by the peoples who cultivated the land throughout the centuries within densely populated areas. Natural factors such as climate, bedrock, ice periods, volcanism, relief, water availability, soil fertility and vegetation have been part of long-lasting evolutionary processes. Most natural factors are continuously exposed to and transformed by human intervention in the form of agriculture, transhumance, forestry, rural policies, water management, settlements, and other. In the case of European landscapes, the degree of human influence has been particularly strong and led to striking characteristics. Both natural and cultural features need to be considered when considering a European landscape classification (D. Wascher et all, 2005). Although all of the above listed factors contribute to the character of a landscape, it is the climate and other abiotic aspects that allow broad distinctions of land use and landscape at the European level. 

New technologies in all the spheres of human activity led to complex interactions between humans and nature, which are millennia old in many places, and which resulted in a rich mixture of cultural landscapes in Europe. The outstanding richness and diversity of Europe’s landscapes are widely recognized attributes of the continent’s unique natural and cultural heritage. In Europe we encounter a wide range of bio-geographic regions spanning from the Macaronesian Azores and Canary Isles towards the Arctic regions and Barents Sea. The complexity of the natural and man-made phenomena that have contributed to the shaping of Europe’s landscapes is also reflected in the many different values: ecological, aesthetic, archaeological, earth-scientific, historical and current cultural values, as well as economical ones such as recreation and tourism, craft and art works (B. Pedroli et all. 2007) .
At the European level a number of policy initiatives have underlined the special role of landscape in the future environmental and social-economic development. The core important initiatives are:
· the Pan-European Biological and Landscape Diversity Strategy (Council of Europe, UNEP and ECNC 1995);
· the European Landscape Convention (Council of Europe 2000);
· the European Commission’s reform of the Common Agricultural Policy towards rural development and more sustainable principles (Agenda 2000);
· the Guiding Principles for Sustainable Spatial Development adopted by the European Conference of Ministers responsible for Regional Planning (CEMAT 2005). 
All these initiatives emphasize the necessity of new conceptual approaches for the management, planning and assessment of landscapes in Europe.
European Landscape Map LANMAP2. At the European level there are distinctions in classifications/typologies of landscapes between European countries. Different input parameter, methodologies and spatial resolutions are the cause for the diversity of national landscape classifications. The LANMAP2 represents a new generation of landscape classification and mapping. It demonstrates how traditional methods could be complemented by computer-driven methods. With the availability of new techniques and European-wide datasets new ways can be established for standardizing landscape classifications, in order to produce more comparable, more transparent, more reproducible, and more objective and accurate results.

At the Sofia conference on the Pan-European Biological and Landscape Diversity and Strategy (PEBLDS) the participants decided to give greater importance to landscapes and defined eleven action themes. Action theme 4 included the establishment of a Pan-European Landscape Map, the development of landscape assessment criteria and a SWOT analysis of European landscapes. The essential objective was to distinguish different landscape types and to represent their geographic locations and distribution, their key characteristics and the forces that shaped them. Now modern GIS techniques in data gathering, processing, analysis, storage, and modern classification methods, provide opportunities to combine various data layers and produce classifications or presentations at different levels. The European landscape map should provide a practical and easy tool for communication between scientists and others interested in European landscapes, and for European policy implementation. 

Methodology for the delineation of European landscapes the software eCognition (DEFINIENS Imaging GmbH Munich, Germany) was used. It is object-oriented image classification software. The image classification is based on attributes of image objects rather than on the attributes of individual pixels. Image classifications with eCognition have higher classification accuracy and a better semantic differentiation than conventional methods. The classification is made on the basis of contiguous, homogeneous image regions which are generated by initial image segmentation.
The European Landscape Map (LANMAP2) was produced on the basis of state of the art technology and four core data layers with a high spatial resolution: 
· climate;
· altitude;
· parent material;
· land use.
    This resulted in a classification at a scale of approximately 1:2m, with a minimum mapping unit of 11 mln km2 and more than 14,000 mapping units (Mucher et al. 2006 [31]). The European landscape classification covers the whole of Europe, from Iceland in the north-west to Azerbaijan in the south-east, and from Gibraltar in the south-west to Novaya Zemlya in the north-east. The European Landscape Classification is a hierarchical classification (Fig. 1.1, according to C. Mucher et al., 2006).
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Fig 1.1. Key data sources for the delineation of the major physiographic landscape units in LANMAP2: climate (EnS and  BRME); altitude (GTOPO3O); parent material (ESDB, FAQ soil map); land use/land cover (CORINE, PELCOM and GLC2000 land cover)

Level one is based on climate only and has eight classes: Arctic, Boreal, Atlantic, Alpine, Mediterranean, Continental, Anatolian, Steppic (Fig. 1.2). 
Biogeographic classes are considered as a key criterion for a European-wide approach to landscape classification and mapping. Each climate type has a number of characteristic plant and animal species and communities that have evolved so that they are adapted to the range of environmental factors in them; such characteristic biotic communities occupying an extensive area are 

[image: image2.emf]  Environmental z ones     

ARC  –  Arctic (K)  

BOR/NEM  –  Boreal/Nemoral (B)  

ATL  –  Atlantic (A)  

ALN/ALS  –  Alpine (Z)  

MED   –  Mediterranean (M)  

CON  –  Continental (C)  

ANA  –  Anatolian (T)  

STE  –  Steppic (S)  

ARC  

NEM  

ATL  

MED  

CON  

ANA  

STE  

ALN  

BOR  

ALN  

AL S  

AL S  


Fig. 1.2. Environmental Stratification of Europe

called biomes. The distinctions between biomes are not necessarily related to the taxonomic classification of the organisms they contain, but rather to the life-form (the form, structure, habits, and the type of life history of the organisms in response to its environment) of their plants and animals. Terrestrial biomes are frequently distinguished by the plants that dominate them, e.g. tundra (mosses, lichens, dwarf-shrubs, sedges), taiga (boreal coniferous forests) or tropical rain forests.

Level two is based on climate and altitude and has 31 classes. Level three is based on climate, altitude and parent material and has 76 classes. Level four is based on all four data layers and is the most detailed level and has 350 landscape types. This last level includes intertidal flats, urban conurbations and water bodies. At this level there are more than 14,000 mapping units with an average size of 774 km2; the smallest mapping unit is 11 km2 and the largest is 739,000 km2.
   Each landscape type is characterized by a five-digit code consisting of one capital letter and a combination of four lowercase letters. The capital letter represents the environmental zone, the first lowercase letter the elevation type, the second the type of parent material. Then separated by an underline the land use type follows. For example the landscape type Clr_al is composed of Continental (C), Lowlands (l), Rocks (r) and Arable land (al) (see Table 1.6, according to D. Wascher, 2005).

 1.3.5. Expert Network “Landscape Europe” – Regionalization and

          Unification of Landscapes

In 2003 the expert network called LANDSCAPE EUROPE initiated the European Landscape Character Assessment Initiative (ELCAI) as an EU project to review the state-of-the-art of landscape character assessment techniques. Landscape Character Assessment (LCA), as the term involves the use of tools for classification of landscape types (LCTypes) and mapping of associated landscape type areas (LC-Areas). In the final report to this project [32] more than 50 examples from 15 countries had been cross-analyzed in which a variety of modern methodologies had been applied. A conclusion, that LANMAP2 constitutes a scientifically   stable   and   methodologically   neutral   basis   for 
Table 1.6
CONSTRUCTION AND IDENTIFICATION OF THE 
EUROPEAN LANDSCAPE TYPOLOGY 
(according to [32])
	Data Layer
	Types
	Identifi-cation

	Environmental zones  

(first capital letter)
	1 Arctic 
	K

	
	2 Boreal
	B

	
	3 Atlantic
	A

	
	4 Alpine
	Z

	
	5 Mediterranean
	M

	
	6 Continental 
	C

	
	7 Anatolian 
	T

	
	8 Steppic
	S

	Digital Terrain Model

(first lowercase letter)
	1 Lowlands (<0 m-100 m)
	L

	
	2 Hills (>100 m-500 m)
	H

	
	3 Mountains (>500 m-1.500 m)
	M

	
	4 High Mountains (>1.500 m-2.500 m)
	N

	
	5 Alpine (>2,500 m–5,000 m)
	A

	Parent Material

(second lowercase letter)
	1 Rocks
	r

	
	2 Sediments
	s

	
	3 Organic materials
	o

	
	4 unclassified
	X

	Land Use

(combination of the third and the fourth lowercase letter)
	1 Artificial surfaces
	af

	
	2 Arable land
	al

	
	3 Permanent crops
	pc

	
	4 Pastures
	pa

	
	5 Heterogeneous agricultural areas
	ha

	
	6 Forests
	fo

	
	7 Shrubs and herbaceous (semi-) natural vegetation
	Sh

	
	8 Open spaces with little or no vegetation
	op

	
	9 Wetlands
	we

	
	10 Water bodies
	Wa

	Masks
	URBAN, built-up areas
	

	
	FLATS, intertidal flats
	

	
	WABOD, waterbodies
	


developing a European approach to landscapes classification, had been made. During the ELCAI project completion many national approaches were analyzed and compared. Here are a few examples to compare. 
National and regional typologies. National approaches to landscape mapping are building upon a large amount of scientific expertise and can reflect a long history of landscape ecology [32].
The methodologies in different European counties differ substantially, depending on the cultural history, the role and orientation of regional planning and on the physical characteristics of a country. For example, in Scandinavia, the Nordic Council of Ministers has established biogeographical regions along climatic criteria, arriving at five large zones (glaciers, alpine, boreal, boreo-nemoral, and nemoral) with 76 subzones. These sub-zones are based on topography, vegetation cover (forest types) and regional identity. On the other hand, biogeographic terms do not appear in the English approach which identifies ‘four component types of the British countryside’ deriving from grouping 32 land classes according to environmental characteristics such as geology, altitude and climate. The four types are uplands, marginal uplands, pastoral and arable landscapes, clearly emphasizing the strong links between the perception of English landscapes and a land-use history of more agricultural nature than in Scandinavia. Land use does not play a role for both the Dutch regional division and the German natural division which are based upon geo-morphologic characteristics, and show cartographically and terminologically harmonized results. Here are examples of landscape classification approaches presented for some European countries.

United Kingdom. The Countryside Agency and Scottish Natural Heritage define Landscape Character as “a distinct, recognizable and consistent pattern of elements in the landscape that makes one landscape different from another, rather than better or worse” [32]. As part of the ‘Natural Area Program’, English Nature has identified and mapped distinct units called natural areas. The boundaries of these areas are defined by their wildlife and natural features, land use and human history. Ninety-nine Natural Areas have been identified within the England territory and a description of its ecological character exists for each area. English Nature developed the Natural Areas map through multilayer analysis of environmental information in map format (e.g. climate, topography, soils, land cover, hydrology, etc) with the help of a Geographic Information System (GIS).  The landscape character map of England is a part of ‘building blocks’ for landscape and nature conservation to form a single framework. The map is supposed to deliver national consistency by “serving as a starting point for developing more informed policies to help English agencies shape the landscape, wildlife and natural features of the future”.

Czech Republic. Four level LCA typology and mapping based around biophysical, cultural and aesthetic criteria. This typology is designed for use on designated Landscape planning Areas and National Parks. The methodology is expert interpretation to derive LCA units, with a preference for analogue procedures rather than digital. Two-level national typology and mapping is used. The first level is three basic landscape types: fully anthropogenised, harmonic cultural landscape, relatively natural landscape. For each of these the second level is: increased, basic (average) or decreased landscape value; these are determined more or less subjectively. This gives nine types. A wide range of mainly biophysical or human impact-on-the-environment criteria are used.

Germany. Geographical characterization is used for landscapes classification. An approach for deriving and describing local (1:100,000 scale) spatial units with homogeneous natural character – the ‘Naturraum’ (potentials of the natural space) concept – made in connection with planning purposes and ecological evaluations. Biophysical criteria are combined with expert knowledge. The general Naturraum approach has been implemented in various ways for different federal states.

Classification of natural landscapes of Germany has roots derived from typology and mapping of natural units from the 1950s, based on biophysical factors. Two levels, with the 89 upper level units derived by combination of 504 lower level units; all units are geographically unique and singular.
Landscape types in Germany. A recent (2004) national typology and mapping of 855 landscape units (including 59 densely populated areas), which are also ascribed to six natural structural types and six regions. The base of this classification earlier “Classification of natural landscapes of Germany” (Meynen et al. 1962) with overlay of soil cover and information on cultural and historic development and landscape structure. Topographic maps (1:200,000), soil maps and CORINE land cover provide these additions. The method is GIS based delineation and analysis and interpretation.

Norway. The Norwegian Landscape Reference System is a direct attempt to define and map LCA units that are relevant for issues of environmental management and physical planning. Region and sub-region mapping units tend towards being unique character areas with place names widely used for sub-regions, but given the complex physical geography of Norway the regions in particular can comprise multiple polygons. At all three levels a systematic description is based on six factors: 1) major landform; 2) geological composition; 3) water and waterways; 4) vegetation patterns; 5) agricultural areas; 6) buildings and technical installations. The landscape character is a synthesis of these six factors. However, the importance of the factors varies between the different landscapes regions. At the level of the landscape areas the concept of “landscape rooms” is significant. The methodology for deriving and mapping the landscape regions and sub-regions is mainly expert interpretation based on maps and data including field work and pictorial representations (such as photos).

The comparison of landscape classifications between different countries demonstrates their distinctions and the lack of common standards [32]. Landscapes can exceed local, regional or national borders. In general landscape classification are made for a region or a country. Each country has its own experience and expertise concerning the used input parameters and the methodology. The results of this process are manifold. On the one hand great distinctions between the national landscape classifications occur. On the other hand, these distinctions make investigations in cross-border landscape difficult. With the European landscape map LANMAP2 a first important step has been done to provide a standardized landscape typology map covering whole using state-of-the-art data sets. The map gives an overview of European landscapes and provides a background and common language for monitoring landscape trends at the European level.
Advantages of the LANMAP2. Such a European-wide landscape typology has two advantages. The first one is: all countries have a standardized national classification at their disposal based on the same input parameter, the same spatial resolution, and the same time. The second advantage is as follows: distinctions between national classifications concerning transfrontier landscapes are excluded because the landscape types are not determined and limited by administrative units.

Landscape character indicators. The other objective of ELCAI was to examine possible methodological approaches for selecting landscape character indicators as part of a wider European concept. In different European countries the following factors determine LCA typologies and mappings: 1) the physical form and functioning of the landscape (the ‘biophysical’); 2) the human influence on the landscape form (the ‘cultural’); 3) the human experience of the landscape (the ‘perceptual and aesthetic’); and 4) the opinions and expressions of stakeholders.

These factors are divided into two main categories, namely the “object”-driven typologies and the “perception”-driven ones.  Landscape as an object is accepted in terms of the physical arrangements of various types of feature. Landscape is defined in terms of the structure and pattern of a land cover mosaic and its relationships with physical and biotic elements such as terrain, geology, soils and vegetation, and cultural factors associated with people’s use and management of the land over time. Landscapes are represented as a heterogeneous area over which the patterns of association of the various elements exhibit a repeated and consistent pattern. The landscape indicators proposed include: 1) landscape diversity; 2) landscape coherence; and 3) landscape openness and closedness. Each can be calculated by making a spatial analysis of the patterns exhibited by the various components of land cover across an area of interest.

The perception-driven landscape typology emphasizes on the representation of landscape upon understanding the perceptions of people. Following the European Landscape Convention, a landscape means an area, as perceived by people, whose character is the result of the action and interaction of natural and/or human factors. Such definitions take the notion of landscape beyond that of something that can be described objectively in terms of physical structures, for once we extend the idea to include the perceptions of people, we have to confront the fact that different people or groups may perceive the same landscape in different ways, and that even for a single person or group, perceptions may change over time. If ‘landscape’ is defined as ‘what is in the eye of the beholder’, then we enter the realm of more subjective, value-based judgments which are often more difficult to measure. 

Landscape indicators should be developed at local, national, regional and continental scales that have policy relevance. The design of the indicator has to be based on consideration of two factors. The first, what aspect of landscape is to be assessed? Does it relate to the structural, functional, management or value aspects of landscape, or does it describe the drivers or pressures of landscape change, states, impacts or policy responses. The second, what relationships exist between the indicator and the spatial framework across which variations over time and space are assessed?
The most informative type of landscape indicators are those which are spatially explicit, in that they inform us about the properties of landscape units that have some biophysical and/or socio-economic integrity. The link between the indicators and various landscape typologies is an important and fundamental one.

The second key factor concerns the need to establish the contextual framework in which landscape indicators are interpreted. Holistic understandings of what makes one landscape distinct from another, and which gives these landscape their sense of place, are useful. The link between indicator construction and Landscape Character Assessment is the second consideration relevant for policy applications. Figure 1.3 summarizes the fundamental conceptual dependencies that emerge in the construction of landscape indicators (according to D. Wascher, 2005).
International policy instruments
In the final report to the ELCAI project [32] the current approaches to the international policy instruments at the European level have been considered.
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Fig. 1.3. Dependencies between landscape metrics, landscape typologies and Landscape Character Assessment 
The World Heritage Convention’s (1972) definition of heritage provided an opportunity for the protection of cultural landscapes as “works of man or the combined works of nature and man”. In 1992 the category of cultural landscape was introduced into the Conventions Operational Guidelines. The World Heritage sites contribute to sustainable local and regional development. With 176 States Parties and 754 (582 cultural, 149 natural and 23 mixed) properties from a total of 128 countries on the World Heritage List, the Convention became a key legal instrument in heritage conservation and plays an important role in promoting the recognition and management of heritage in many regions of the world. Today, 35 cultural landscapes are inscribed on the World Heritage List and their protection had a considerable effect on many other programs and projects beyond the World Heritage.

With respect to cultural landscapes, the UNESCO Committee has adopted the following guidelines concerning their inclusion in the World Heritage List:
· cultural landscapes represent the “combined works of nature and of man” designated in Article 1 of the Convention;
· the term “cultural landscape” embraces a diversity of manifestations of the interaction between humankind and its natural environment;
· cultural landscapes often reflect specific techniques of sustainable land use.
The World Heritage Committee adopted three categories of cultural landscapes as qualifying for listing: 1) clearly defined landscapes designed and created intentionally by humans; 2) organically evolved landscapes, which can be either relict landscapes or continuing landscapes; this results from an initial social, economic, administrative, and/or religious imperative and has developed its present form by association with and in response to its natural environment. Such landscapes reflect that process of evolution in their form and component features; 3) associative cultural landscapes. The inclusion of such landscapes on the World Heritage List is justifiable by virtue of the powerful religious, artistic or cultural associations of the natural element rather than material cultural evidence, which may be insignificant or even absent.

Protected landscapes are cultural landscapes, i.e. have co-evolved with human societies. They are areas where the natural landscape has been transformed by human actions and the landscape qualities have shaped the way of life of the people. All management approaches to these areas must be based on a clear understanding of this complex inter-relationship.

European Landscape Convention (ELC) was adopted by the Council of Europe’s Committee of Ministers on 20 October 2000. The convention aims to encourage public authorities to adopt policies and measures at local, regional, national and international level for protecting, managing and planning landscapes throughout Europe. It covers all landscapes, both outstanding and ordinary, that determine the quality of people’s living environment. The convention proposes legal and financial measures at the national and international levels, aimed at shaping “landscape policies” and promoting interaction between local and central authorities as well as transfrontier cooperation in protecting landscapes.

The European Landscape Convention is complementary to other international legal instruments, such as: a) the UNESCO Convention concerning the Protection of the World Cultural and Natural Heritage, (Paris, 16 November 1972); b) the Council of Europe Convention on the Conservation of European Wildlife and Natural Habitats, (Bern, 19 September 1979); c) the Council of Europe Convention for the Protection of the Architectural Heritage of Europe, (Granada, 3 October 1985); d) the Council of Europe Convention for the Protection of the Archaeological Heritage (revised) (Valletta, 16 January 1992).
It has also to be considered the Environmental Stratification of Europe that was released in 2005 [33]. Based on a 10’x10’ resolution (approximately 16x16 km) climate dataset developed by the Climate Research Unit at the University of East Anglia, thirty-year average values were calculated and subsequently re-sampled to a 1 km2 grid. In addition, the global digital elevation model of the US Geological Survey, altitude and slope were included in the environmental classification as surrogates for geomorphology. Thirteen Environmental Zones were distinguished. Where the size of the stratum permits, the individual strata were labeled within the main Environmental Zones. The stratification extends from 11° W to 32° E and from 34° N to 72° N. It is projected in a Lambert Azimuthal equal area projection. Because certain strata do not necessarily fit traditional experience, in this stratification strict statistical rules have been maintained, recognizing these apparent inconsistencies, e.g. PAN1 in the Vosges and Schwartzwald and CON2 in southern Norway.

    Questions & Assignments
    1. What principles are relevant for the classification and mapping of ecosystems?

    2. Give the definition and short characteristics of the following concepts: ecozone, ecoprovince, ecoregion, ecoserious, and ecotope.

    3. What is the International Geosphere-Biosphere programme about? 
    4. What is NDVI? Where is it derived from?

    5. What is the main approach to the landscape classification offered by the United States Geological Survey?

    6.  What are the core policy initiatives emphasized the necessity of new conceptual approaches for the landscapes management at the European level?
    7. What is the European LANMAP2? What are the four data layers used in LANMAP2?

    8. What methodology was used for the delineation of European Landscapes in LANMAP2?

9. Give examples of national approaches to landscape typologies in some European countries.
10. What are the “object”-driven and the perception-driven landscape typologies about?

1.4. Causes of Landscape Pattern
The main topics of the theme

1. Abiotic Causes of Landscape Pattern: Climate and Landforms

2. Biotic Interactions.

3. Anthropogenic Causes: influence of prehistoric humans on landscapes.

4. Disturbance as Renewal Factor. Example of the Chornobyl Forest Fire as a Factor of Lanscape Disturbance. 
Recommended literature: [20, 22, 29].
Today’s landscapes are the result of complex causes, including variability in abiotic conditions such as climate, topography, and soils; biotic interactions; past and present patterns of human settlement and land use; and the dynamics of natural disturbance and succession. Each of these agents can be considered across a spectrum of spatial and temporal scales in landscape development. Broad-scale variability in the abiotic environment sets the constraints within which biotic interactions and disturbances act. Spatial patterns are not simply a constraint imposed on the ecological system by topography and soils. But there is an intimate tie between pattern and process that forms an important core for the understanding of landscape ecology. The interaction of the agents allows some sites to be prone to or protected from disturbances. 
1.4.1. Abiotic Cauces

Relations and processes in the abiotic environment do not directly affect organisms. They are considered as external factors and often addressed as geo-factors. At larger spatial scales these abiotic processes are included in ecosystem approaches to the earth as a whole. At this spatial scale, atmospheric processes, geochemical processes, weathering, erosion, and soil forming processes are considered crucial for the stability of the ecosystem “earth”, even if their ecological effects are indirect. Especially in the context of research on global change, the abiotic environment is incorporated fully in an ecological approach of man’s environment. In landscape ecology, which generally focuses on larger spatial scales than the majority of ecosystem research, abiotic processes are of high importance. 
S. Levin [20] identified three general categories of causes of spatial pattern. The first category, local uniqueness, deals with unique features of a point in space, such as abiotic variability or unique land uses. The second category, phase difference, deals with spatial pattern resulting from disturbances. The ecosystem responds to a local disturbance by going through succession. When viewed at any point in time, the landscape will have a number of disturbance sites of different age and in different stages of succession, that is, different phases. The individual sites will be in different phases of recovery, and the result will be a patchy pattern of vegetation. The third category, dispersal, prevents the landscape from becoming uniformly covered with a single, dominant population. The mechanism can be explained by a “fugitive” strategy. A fugitive species can settle itself by producing many seeds that disperse far and wide. Then when the fugitive species grow and produce seeds fast they can maintain themselves throughout the landscape while the dominant species spread slowly because of their limited dispersal ability
Landscape patterns result from variability in climate and landform. Climate refers to the composite, long-term weather of a region and it acts as a strong control on biogeographic patterns through the distribution of energy and water. Climate effects are modified by landform, the characteristic geomorphic features of the landscape, which result from geologic processes producing patterns of physical relief and soil development. Together, climate and landform establish the template on which the soils and biota of a region develop. All landscapes have a history; understanding landscape pattern and process requires an understanding of landscape history. Paleoecology is the study of individuals, populations, and communities of plants and animals that lived in the past and their interactions with and dynamic responses to changing environments.

Climate. Climate varies with latitude, which influences both temperature and the distribution of moisture, and with continental position. Because of differential heating of land and water, coastal regions at a given latitude differ from inland regions. The distributions of biomes on the Earth result from these broad-scale climate patterns. The effects of both latitude and continental position are then modified locally by topography, leading to finer-scale heterogeneity in climate patterns. Temperatures generally decrease with increasing elevation, and north- and south-facing slopes experience different levels of solar radiation and hence different temperatures and evaporation rates.

The distribution of biomes has varied tremendously with past changes in climate, even in the absence of human activities. The spatial distribution of life forms today as a function of latitude and longitude look very different compared to those of 5000 or 10,000 years ago. The present assemblages of plants and animals represent only a portion of the ecosystems that have existed during Earth’s history. Earth’s biota respond to fluctuations in climate in three ways: 1) they may evolve and speciate (to form or develop into a new biological species); 2) they may migrate long distances, each according to its limits of tolerance and movement capability; 3) they may become extinct. 
Landform. A landform is some topographic feature of the Earth’s surface that originated by natural processes. One can think of a landscape as consisting of a number of individual landforms, of various kinds, in some definite relationship one to another. Landforms, such as floodplains and alluvial fans, and geomorphic processes, such as stream erosion and deposition, are important parts of the setting in which ecosystems develop and material and energy flows take place. Over the long term, geomorphic processes create landforms; over a shorter term, landforms are boundary conditions controlling the spatial arrangement and rates of geomorphic processes. Interactions among geomorphic processes, landforms, and biota occur on various temporal and spatial scales. On a fine spatial scale parts of individual plants may delay soil erosion or may be damaged by earth movement. On a greater scale, the geographic distribution and height of landmasses control distributions of plants and animals through influences on environmental gradients of temperature and moisture and on corridors of migration during environmental change. Interactions among geomorphology, ecosystems, and landscapes at the spatial scales of hectares to thousands of square kilometres are required to understand landscape ecology and ecosystem structure and function.
Four general effects of landform on ecosystem patterns and processes were categorized by four classes by F. Swanson et al., 1988. 
· Landforms influence air and ground temperature and the quantities of moisture, nutrients, and other materials (e.g., pollutants) available at sites within a landscape by their elevation, aspect (direction in which land surface faces), parent materials, and steepness of slope. South-facing slopes receive more solar radiation than northward slopes, resulting in warmer, drier conditions. As moist air masses flow over hills and mountains, higher precipitation commonly falls at higher elevations (orographic effects). 
· Landforms regulate movement of material, organisms, propagules, and energy across a landscape by defining gravitational gradients, influencing flow paths of wind, and forming barriers and corridors for movement. The flow paths of material and energy movement across a landscape may vary greatly depending on factors operating at several scales. Water follows gravitational gradients. Dominant wind direction or paths of animal migration may produce other patterns of material flux controlled by landforms at broader scales.

· Landforms may influence the frequency and spatial pattern of nongeomorphically induced disturbance by agents such as fire, wind, and grazing. Landforms can protect certain areas from disturbance by providing firebreaks and shelter from physical damage by disturbances such as wind. Landforms may also increase frequency of disturbance by channeling fire, wind, and other nongeomorphic agents of disturbance into an area.
· Landforms constrain the spatial pattern and rate or frequency of geomorphic processes that alter biotic features and processes. The distinction between landform effects of classes 3 and 4 is the emphasis on physical dynamics of the landscape in class 4. For both classes, landforms constrain the movement of agents that disturb the ecosystem-fire, surface and subsurface water, wind, and animals. In class 3, agents of disturbance operate through vegetation, which may lead to secondary disturbance by acceleration of geomorphic processes, such as increased surface erosion after wildfire. In class 4, geomorphic processes are the primary disturbances.
1.4.2. Biotic Cauces
Biotic interaction means interaction between living things – predator/prey relationships, plant/herbivore relationships, competition, and symbiosis – studied in Population ecology. Crucial to this study are the various interactions between a population and its resources. A population can decline because it lacks resources or it can decline because it is prey to another species that is increasing in numbers. Populations are limited by their resources in their capacity to grow; the maximum population abundance (for a given species) an environment can sustain is called the carrying capacity. As a population approaches its carrying capacity, overcrowding means that there are less resources for the individuals in the population and this results in a reduction in the birth rate. A population with these features is said to be density dependent. Of course most populations are density dependent to some extent, but some grow (almost) exponentially and these are, in effect, density independent. Ecological models that focus on a single species and the relevant carrying capacity are single species models. Alternatively, multi-species or community models focus on the interactions of specific species. Population ecology focuses on how interactions within and among populations can generate spatial patterns and how these patterns influence the outcome of interactions. The product of these theoretical approaches often is a map of species distributions.

In many respects [20], it is the dominant organisms that define spatial pattern on the landscape. It is, for example, the patches of trees or natural vegetation that define the pattern on most natural terrestrial landscapes. Within the context of the abiotic template, the dominants alter the abiotic conditions and provide resource base and substrate for the other populations in the ecosystem. In these cases, the rest of the ecosystem is constrained to operate within the spatial pattern of the dominants. The interactions of the plants with the soil, climate, and topography produce the underlying spatial context. This is not only true in terrestrial ecosystems; for example, coral is a dominant organism along tropical shorelines. The coral forms the substrate and resource base for the entire food web, and its spatial distribution dictates the spatial pattern for the rest of the ecosystem.
1.4.3. Anthropogenic Cauces
The influences of prehistoric humans on landscapes were characterized by H.R. Delcourt [23] into five main types. 
· Humans changed the relative abundances of plants, especially the dominance structure in forest communities.
· Humans extended or truncated the distributional ranges of plant species (woody and herbaceous). In Europe, for example, the range of olives after 3000 year BP was extended through cultivation from the Mediterranean coast only to throughout southern Europe.
· Opportunities were created for the invasion of weedy species into disturbed areas. In many places, weedy species assemblages associated with cultivated fields increase in abundance in the pollen record, and these increases are correlated with archeological evidence of human occupation.
· The nutrient status of soils was altered through both depletion and fertilization.
· The landscape mosaic was altered, especially the distribution of forest and nonforest. This last change is also easiest to detect in the paleoecologic record by examining ratios of tree to herbaceous pollen.

    An obvious conclusion is seen from the observation of the long-term development of the cultural landscape is that the landscapes we may perceive to be natural today have a history of human influence   that   dates   back  a  long  time (Table 1.7, according to 
Table 1.7
IMPACT OF HUSBANDRY DEVELOPMENT INTO LANDSCAPES IN
EASTERN EUROPE
	Age
	Impact
	Consequence

	5000-4000 BC
	First eradication (uprooting) in Greece
	-Erosions, backfill of rivers in Southern Greece. Soil erosion. 

-The first period of peoples’ migration, forest destruction by reclamation

- Settlement after discovery

	Around 4000
	Plough is started to be used in husbandry
	

	Till 750
	Long-lasting forest cutting down
	

	From 750
	Greek colonization (Dalmatia)
	

	From 229
	Roman colonization (coast of Istria/Dalmatia)
	

	Beginning of AD
	Active land reclamation in regions of Romans influence
	Almost harmless, regulated husbandry, population growth. Soil erosion because of illuviation, floods and  backfills

	500 after BC
	Destruction of agriculture
	

	Migration of peoples
	Discovery of cultivated lands (Northern Greece)
	

	580
	The Slavs widespread, settlement on uplands (Dalmatia)
	Grazing, using leaves for fodder, uprooting, degradation, erosion. Regeneration phase

	Before 1200
	Husbandry in Middle ages
	

	From 1200
	Clearing of forest for shipbuilding (Venetian supremacy)
	Destructions are greater than previously. Degradation in progress

	XVI
	Animal husbandry increase
	

	XV-XIX
	Great forests clearing (Greek wars of liberation, 1822-1830)
	

	1756
	Grimani law (prohibition of sheep grazing on the forest areas) almost was not obeyed (Dalmatia)
	Active grazing and vegetation injury in progress. Decrease in population density. Slopes erosion: rocky and stony landscapes 

	Before XX
	Wide forests clearing
	

	XX
	Regional programs of tree-planting
	Tree-planting


V. Davydenko et al., 2005). There is variability in the degree to which humans influenced different ecosystems in different countries but history tells us - humans have long been a presence in many landscapes, and their role in creating landscape pattern should be taken into account.
    In the United States at the time of European settlement, forest covered about half the present lower 48 states. Most of the forestland was in the moister east and northwest regions, and it had already been altered by Native American land-use practices. Clearing of forests for fuel, timber, and other wood products and to open the land for crops led to a widespread loss of forest cover that lasted through the early 1900s. Some originally cleared areas have become reforested due to lack of cultivation. In other regions, clearing for agriculture has been more permanent, harvest of primary forest has continued until recent times.
At present human societies are organized into groups ranging from several people per unit area in rural communities to several thousand people per unit area in large cities. Approximately half of the human population (around 3 billion people) resides in large cities. The production of food, feed and fiber is left to a small segment of society. Increasing human population has forced the conversion of natural ecosystems into managed ecosystems. Productive land is being claimed and reallocated for urban uses and for transportation corridors. Globally the proportion of arable land per person has declined from 0.23 ha to 0.12 ha over a period of recent 50 years. The amount of land in production has remained relatively constant, but the human population has dramatically increased.
1.4.4. Disturbance as Renewal Factor
Disturbance and the subsequent development of vegetation are key contributors to pattern on the landscape. Disturbance is meant any relatively discrete event in time that disrupts ecosystem, community, or population structure and changes resource availability, substrate, or the physical environment (White and Pickett, 1985). Disturbance disrupts possible multiple hierarchal levels; changes resources, substrate, or physical environment; ultimately causes “significant change in system” (Fig. 1.4 according to White and Pickett, 1985). 
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Fig.1.4. Four disturbances types shown by their degree and by 

geographic area affected 

Examples include fires, volcanic eruptions, floods, and storms. Disturbances are often described by a variety of attributes, including their spatial distribution, frequency, spatial extent, and magnitude. The spread of disturbance and spatial patterns of recovery have received considerable attention in landscape ecology. Disturbance is as an important agent of pattern creation at a variety of spatial and temporal scales.
Disturbances both create and respond to landscape pattern. They usually result in open space and often alter levels of resources such as light and nutrients. By creating these open spaces, disturbances create patchiness in a landscape. However, the effects of disturbance on the biota often depend on the state of the system before it was disturbed. Disturbances are also of high importance in land and resource management. Fire is a prominent example, but managers must consider a wide range of natural disturbances.  The  Chornobyl catastrophe of 1986 is an example where the large disturbance established the template for species and ecosystem processes in landscapes for centuries to come [   ].

Disturbances happen over relatively short intervals of time: hurricanes or windstorms occur over hours to days, fires occur over hours to months, and volcanoes erupt over periods of days or weeks. In origin, disturbances may be abiotic (e.g., hurricanes, tornadoes, or volcanic eruptions), biotic (e.g., the spread of an exotic pest or pathogen), or some combination of the two (e.g., fires require conditions suitable for ignition and burning, which are abiotic, as well as a source of adequate fuel, which is biotic).

Ecologists distinguish between a particular disturbance event, like an individual storm or fire, and the disturbance regime that characterizes a landcape. The disturbance regime of a landscape refers to the spatial and temporal dynamics of disturbances over a longer time period. It includes characteristics such as spatial distribution of the disturbances; disturbance frequency, return interval, and rotation period; and disturbance size, intensity, and severity (Table 1.8, according to M.Turner, 2001).
The nuclear accident at the Chornobyl Nuclear Power Plant 80 miles north of Kyiv contaminated a considerable portion of the forested landscape. The Exclusion Zone (18.5 mile radius, 504,200 acres) was established where people were evacuated and rehabilitation of the land has begun. Natural processes will likely rehabilitate the area without human intervention, however, considerable acres (about 1/2) are artificial Scotch pine plantations which are experiencing serious forest health problems from wildfire, windstorms, and insect pests.

A considerable concern is the potential impact of smoke from the forests in the city of Kyiv (Fig. 1.5). The image shows smoke from a fire traveling to Kyiv. A fire in the contaminated forests could easily create smoke that could impact Kyiv. The current management approach involves little management of forest stands and to suppress all forest fires. This approach will likely lead to increased problems with insects and disease as fuel level increase, leading to larger and more severe fires. 
Table 1.8
DEFINITIONS OF COMPONENTS OF A DISTURBANCE REGIME
	Term
	Definition

	Frequency
	Mean or median number of events occurring at an average point per time period, or decimal fraction of events per year; often used for probability of disturbance when expressed as the decimal fraction of events per year.

	Intensity
	Physical energy of the event per area per time (e.g., heat released per area per time period for fire or wind speed for storms); characteristic of the disturbance, rather than the ecological effect.

	Residuals
	Organisms or propagules that survive a disturbance event; also referred to as biotic legacies. Residuals are measures of severity and thus (at least within one disturbance) an index of intensity.

	Return interval
	Mean or median time between disturbances; the inverse of frequency; variance may also be important, because this influences predictability.

	Rotation period
	Mean time needed to disturb an area equivalent to some study area, which must be explicitly defined.

	Severity 
	Effect of the disturbance event on the organism, community, or ecosystem; closely related to intensity, because more intense disturbances generally are more severe.

	Size
	Area disturbed, which can be expressed as mean area per event, area per time period, or percent of some study area per time period.


Prior to 1986 much of the area around Chornobyl was part of an actively managed forest which had been subdivided into divisions, quartiles, and stands. The two divisions used in the resent research [  ] are in the exclusion zone and total 33,3700 hectares. One division was composed of slightly older stands that were commonly of natural origin. The second division had a higher proportion of younger plantations and a significant amount of land
in agriculture.
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Fig. 1.5. Example satellite image showing smoke from fire near exclusion zone traveling to city of Kyiv 
Considering a Fire Risk Classification system based on forest type, stand age, and soil type (Table 1.9) developed by the Ukraine Ministry of Forestry, different simulations of possible fire spread were made. Figure 1.6 demonstrates the possible development of fire risk classes on the territory of Chornobyl Exclusion Zone by the time of 2026 in case if no management system is provided. It is obviously seen the almost the whole territory will still be within the I and II risk classes. The fire risk is not decreasing with time, but rather the risk is remaining high because of the slow growth of dense pine stands that dominate the landscape.
Table 1.9
UKRAINE FIRE RISK CLASSES

	Ukraine Fire Risk Class
	Description

	1 (I) 
	Forests < 40 years old, conifer forests in very dry and dry sites, young plantations < 7

	2 (II) 
	Forests > 40 years in moderate soil humidity types; broadleaf forests in dry conditions 

	3 (III) 
	Conifer stands > 40 years on moist and damp sites 

	4 (IV) 
	Conifer stands > 40 years on swamps; broadleaf stands on moist and damp sites 

	5 (V) 
	Broadleaf forests in swamps 


    Questions & Assignments
1. How does the climate influence the landscape formation?
2. What are the four general effects of landform on ecosystem pattern?
3. What does the “carrying capacity” mean?

4. What does the population ecology focus on?

5. What are the main types of the humans’ impact on landscapes?

6. What is understood by the term “disturbance”?

7. Describe an example of the Chornobyl forest fire as a factor of the landscape disturbance.




Fig. 1.6. FVS-FFE Crowning Index in 2021 with risk minimization strategy

1.5. Structure, Space and Time in Landscapes Study (international approach)
The main topics of the theme

1. Structure and Boundaries for Landscape Management.

2. Structural Units of a Landscape.

3. Facias, corridors, Matrixes, Ecotopes.

4. Space-Time Aspects in Landscape Dynamics Study. 

5. Scaling the Landscape.

6. Scale Concept and Hierarchy Theory.

Recommended literature: [14, 19, 20, 21, 25].
1.5.1. Structure and Boundaries for Landscape Management
It is defined in [  , 25] that three landscape characteristics are of first place priority: structure, function, and change. Landscape structure is the spatial pattern or arrangement of landscape elements. Functioning is the movement and flows of animals, plants, water, wind, materials, and energy through the structure. And change is the dynamics or alteration in spatial pattern and functioning over time. The arrangement or structural pattern of patches, corridors, and a matrix that constitute a landscape is a major determinant of functional flows and movements through the landscape, and of changes in its pattern and process over time.
The structural pattern of the landscape or region is composed of three elements: patches, corridors, and the matrix. The definition of patch appears to be as a surface area that differs from its surroundings in nature or appearance. The components of landscape mosaic are represented by individual patches inserted in a matrix. By matrix it is understood the background cover type in a landscape, characterized by extensive cover and high connectivity; not all landscapes have a definable matrix.
The arrangement or structural pattern of patches, corridors, and a matrix that constitute a landscape is a major determinant of functional flows and movements through the landscape, and of changes in its pattern and process over time. Every point in a landscape is either within a patch, a corridor, or a background matrix, and this holds in any land mosaic, including forested, dry, cultivated, and suburban. This simple model provides a handle for analysis and comparison, plus the potential for detecting general patterns and principles. Patches vary from large to small, elongated to round, and convoluted to smooth. Corridors vary from wide to narrow, high to low connectivity, and meandering to straight. And a matrix is extensive to limited, continuous to perforated, and aggregated to disperse. The structure of any landscape was produced by flows long ago. A feedback between structure and function is evident. Not only do flows create structure, but structure determines flows and movements. And movement and flows also change the land mosaic over time.

Four origins of vegetation patches are usually recognized: remnants (areas remaining from an earlier more extensive type, such as woodlots in agricultural areas); introduced (a new suburban development in an agricultural area or a small pasture within the forest); disturbance (a burned area in a forest, a spot destructed by a windstorm); and environmental resources (wetlands in a city, oases in a desert) [17]. 

Patches are differentiated in terms of:

· size (as large as a national forest, or as small as a single tree);
· number (numerous in a landscape, such as avalanches or rock slides, scare such as oases in desert);
· location (beneficial or deleterious). 
Small remnant forest patches between large reserves in an agricultural matrix can be beneficial. A landfill located adjacent to a sensitive wetland may have a negative impact on the ecological health of the landscape. In an isolated patch the probability of a species going locally extinct is greater. Isolation is a function not only distance, but also of the characteristics of the intervening matrix habitat. A patch located in close proximity to other patches or the “mainland” has a higher chance of being recolonized within a time interval, than a more isolated patch.
The perception of landscape patchiness is fundamental for animals. At the landscape level animals tend to concentrate in certain patches. They select the most suitable patches from among the ones available in the landscape using a spatial memory, cognitive maps and conspecific attraction. Conspecific attraction means that an individual tends to settle in a patch occupied by another conspecific (animals or plants belonging to the same species). Animals also perceive landscape corridors. Species use corridors through integration of visual, acoustic and olfactory cues. 
A landscape is composed of patches of more than one community type. The spatial arrangement of patches, their different quality, the juxtaposition and the proportion of different habitat types are elements that influence and modify the behavior of species, populations and communities.
Large natural vegetation patches are the only structures in a landscape that protect aquifers and interconnected stream networks, sustain viable populations of most interior species, provide core habitat and escape cover for most large-home-range vertebrates, and permit near-natural disturbance regimes. Large natural-vegetation patches serve many major ecological roles. It is likely to have more habitats present, and therefore contain a greater number of species than a small patch. 

Small natural-vegetation patches that interrupt extensive stretches of matrix serve as stepping stones for species dispersal or recolonization, protect scattered rare species or small habitats, provide heterogeneity in the matrix, and habitat for an occasional small-patch-restricted species. In effect, small patches provide different benefits than large patches, and should be thought of as a supplement to, but not a replacement for, large patches. We may hypothesize that an optimum landscape has large patches of natural vegetation, supplemented with small patches scattered throughout the matrix. Alternatively, most of the small-patch functions can be provided by small corridors in the matrix.

Patch shape.  An ecologically optimum patch shape provides several ecological benefits, and is generally “spaceship shaped”. Dividing a large patch into two smaller ones creates additional edge habitat, leading to higher population sizes and a slightly greater number of edge species, which are often common or widespread in the landscape (Fig. 1.7). This also removes interior habitat, leading to reduced population sizes and number of interior species, which are often of conservation importance. 
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Fig. 1.7. Edge habitat and species
Dividing a large patch into two smaller ones creates a barrier to the spread of some disturbances (Fig. 1.8).
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Fig. 1.8. Barrier to disturbance

An ecologically optimum patch shape usually has large core with some curvilinear boundaries and narrow lobes, and depends on orientation angle relative to surrounding flows. A straight boundary tends to have more species movement along it, whereas a convoluted boundary is more likely to have movement across it (Fig. 1.9). 
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Fig. 1.9. Straight and curvilinear boundaries
Compared with a straight boundary between two areas, a curvilinear “tiny-patch” boundary may provide a number of ecological benefits, like less soil erosion and greater wildlife usage. The more convoluted the shape of a patch, the more interaction, whether positive or negative, there is between the patch and the surrounding matrix. The presence of coves and lobes along on edge provides greater habitat diversity than along a straight edge, thereby encouraging higher species diversity. A compact or rounded form is effective in conserving internal resources, by minimizing the exposed perimeter to outside effects. But patches affect, and are affected by, multiply ecological processes in a landscape. Interactions with adjacent ecosystems, for multihabitat species or to escape from predators, are enhanced by curvilinear boundaries. Interactions with more distant portions of the landscape are enhanced with narrow lobes, e.g., to increase recolonization rate following local extinction in the patch, or for species to disperse to other patches. The orientation of the long axis of a patch relative to flows in the landscape, i.e., the orientation angle, is a key to several ecological phenomena. These include wind and water flows, which sculpt patch shapes, produce distinct areas of turbulence, and cause soil erosion. 
A patch oriented with its long axis parallel to the route of dispersing individuals will have a lower probability of being recolonized, that a patch perpendicular to the route of dispersers (Fig.1.10).
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Fig. 1.10. Shape and orientation
The shapes of patches, as defined by their boundaries, can be manipulated by landscape architectures and land-use planners to accomplish an ecological function or objective. Due to the diverse significance of edges, rich opportunities exist to use this key ecological transition zone between two types of habitat in designs and plans.
An edge is described as the outer portion of a patch or cover type near its perimeter where the environment differs significantly from the interior of the patch. Patch edges normally function as filters, which dampen influences of the surroundings on the patch interior. Increased edge abruptness tends to increase movement along an edge, whereas less edge abruptness favors movement across an edge. Vertical and horizontal structure, width, and species composition and abundance in the edge of a patch, differ from interior conditions, and together comprise the edge effect (Fig. 1.11). 
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Fig. 1.11. Edge structural diversity

Edge width differs around a patch. It is wider on sides facing the predominant wind direction and solar exposure (Fig. 1.12).  
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Fig. 1.12. Edge width

Boundaries may be “political” or “administrative”, that is artificial divisions between inside and out, which may or may not correspond to natural “ecological” boundaries or edges. Most natural edges are curvilinear, complex, and soft, whereas humans tend to make straight, simple, and hard edges. Where the administrative or political boundary of a protected area does not coincide with a natural ecological boundary, the area between the boundaries often becomes distinctive, and may act as a buffer zone, reducing the influence of the surroundings on the interior of the protected area. Relating these artificial edges with natural ones is important. As human development continues its expansion into natural environments, the edges created will increasingly form the critical point for interactions between human-made and natural habitat. 
The loss and isolation of habitat is a seemingly unstoppable process occurring throughout the modern world. Several dynamic processes cause this isolation and loss over time [17]. The key spatial processes include: fragmentation (breaking up a larger habitat into smaller dispersed patches); dissection (spilling an intact habitat into two patches separated by a corridor); perforation (creating “holes” within an essentially intact habitat); shrinkage (the decrease in size of one or more habitats); and attribution (disappearance of one or more habitat patches).
In the face of continued habitat loss and isolation there has been a recognized need for providing landscape connectivity, particularly in the form of wildlife movement corridors and stepping stones. In the landscape dictionary a corridor is defined as a relatively narrow strip of a particular type that differs from the areas adjacent on both sides. Corridors in the landscape may act as barriers or filters to species movement. Some may be population “sinks” (locations where individuals of a species tend to decrease in number). Roadways, railroads, power lines, canals, and trails corridors tend to be completely connected, relatively straight, and subject to regular human disturbance. Therefore they commonly serve as barriers that subdivide populations of species into metapopulations; conduits mainly for disturbance-tolerant species; and sources of erosion, sedimentation, exotic species, and human effects on the matrix. Wind erosion commonly occurs along the corridors. Modest winds reduce soil fertility by selectively removing and blowing fine particles long distances, whereas heavier winds move mid-sized particles only tens of meters. Wind erosion control reduces field size in the predominant wind direction, and maintains vegetation, soil blocks, especially in spots vulnerable to turbulence, accelerated streamline airflow.  

Streams or river systems are corridors of importance in a landscape (Fig. 1.13). Dissolved substances, such as nitrogen, phosphorus, and toxins, entering a vegetated stream corridor are primarily controlled from entering the channel and reducing water quality by friction, roots absorption, clay and soil organic matter. These in turn are most effectively provided by a wide corridor of dense natural vegetation. 
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Fig. 1.13. Stream corridor and dissolved substances. 1– contact with plant stems and litter slows water movement; 2 – plant roots absorb dissolved substances prior to reaching the stream; 3 – clay particles hold dissolved substances; 4 – soil organic matter absorbs dissolved substances
Mosaics. The term “mosaic” implies discreetness of elements, the existence of clear boundaries between neighboring patches. Linked sites create a landscape mosaic (mesoecosystem), or landscape, that seen from above looks like patchwork. A landscape mosaic is made up of spatially contiguous sites distinguished by material and energy exchange between them. They range in size from 10 km2 to several thousand square kilometers. A mountain landscape is a classic example of a landscape mosaic. A lively exchange of materials occurs among the component ecosystems of a mountain range: water and products of erosion move down the mountains; updrafts carry them upward; animals can move from one ecosystem into the next; seeds are easily scattered by the wind or distributed by birds.

The overall structural and functional integrity of a landscape can be understood and elevated in terms of both pattern and scale. One assay of the ecological health of a landscape is the overall connectivity of the natural system present. Corridors often interconnect with one another to form networks, enclosing other landscape elements. Networks in turn exhibit connectivity, circuitry, and mesh size. Networks emphasize the functioning of landscapes and may be used to facilitate or inhibit flows and movements across a land mosaic.
A common landscape pattern is fragmentation, which is often associated with the loss and isolation of habitat. Alternatively, fragmentation is considered as one of several land transformation processes, which together may produce a diminution and isolation of habitat. Fragmentation also results from natural disturbances, such as fires and herbivore invasions, but has become an international land policy issue because of the widespread alteration of land mosaics by human activities. The spatial scale at which fragmentation occurs is important when identifying strategies to cope with continued habitat loss and isolation. 

All ecosystems in a landscape are interrelated, with movement or flow rate of objects dropping sharply with distance, but more gradually for species interactions between ecosystems of the same type. A first ‘law’ of geography states that everything is interrelated, but near objects are more related than distant objects. From ecosystem science we learn that energy and mineral nutrients flow from one object to another within, or between, ecosystems. From behavioral science, because certain habitats are more suitable than others for a species, many locomotion-driven movements are directional, toward patches of the same type. Combining these principles with the geography law provides this spatial-flow principle, useful for example, in estimating which ecosystems of the mosaic to focus on in planning and management.

Ecotops and Patches

Ecotops are the smallest ecologically distinct landscape features in landscape mapping and classification system. Ecotopes are relatively homogeneous, spatially-explicit landscape units that are useful for stratifying landscapes into ecologically distinct features for the measurement and mapping of landscape structure, function and change (from the Encyclopedia of Earth [  ]). Arthur Tansley, a British ecologist, originated the ecosystem concept and later extended the concept by defining the term ecotope, as "the particular portion of the physical world that forms a home for the organisms which inhabit it" (A. Tansley, 1935). Following Carl Troll, who first used the term ecotop in landscape ecology, many scientists defined ecotop as the smallest spatial object or component of a geographic landscape (C. Troll, 1945). 
The term "patch" was used in place of the term "ecotope", by Foreman and Godron (1986), who defined a patch as "a nonlinear surface area differing in appearance from its surroundings". However, by definition, ecotopes must be identified using a full suite of ecosystem characteristics: patches are a more general type of spatial unit than ecotopes (see also the chapter 1.3.1).

Ecotope features can be classified using a four-level a priori ecological classification system based on the hierarchy: form > use >cover > group + type (Table 1.10 – 1.12 and Appendixes 1-2,  according to E.C.H.Ellis et. al., 2006).
Table 1.10

ECOTOP CLASSIFICATION SYSTEM 
	Form >
	Use >
	Cover >
	Group + type

	Hydrology, geomorphology, soil formation & sedimentary process
	Management of soils, hydrology, vegetation, livestock & material input/output
	Land cover at ground surface
	Groups of management & vegetation systems stratified into types to identify ecologically distinct landscape features practical for field work


Landform. Basic landform classes stratifying hydrologic processes, geomorphic origin (anthropogenic, natural), shape (slope, mound, basin, channel), and dominant soil formation and sedimentary process (see Appendix 1).
Land use. Basic land use systems based on syndromes of management practices that impact the soil surface, water retention, vegetation, livestock, and material input/output of landscape features (Table 1.12).

Table 1.11
BASIC LAND USE SYSTEMS 
	Code
	Name
	Description

	A
	Aquaculture
	aquatic livestock & crops

	C
	Constructed
	artificial surfaces & structures (except livestock & horticultural production)

	D
	Disturbed
	fragmented or disturbed by human activities without consistent use

	F
	Fallow
	larger areas recovering from past human disturbance and without current or planned use

	H
	Horticulture
	intensive horticulture in artificial structures

	I
	Irrigated
	irrigated agriculture

	L
	Livestock
	intensive livestock production in artificial structures

	M
	Mine and Fill
	active mining, filling & dumping

	N
	Pristine
	No evidence of direct human intervention

	O
	Ornamental
	managed for aesthetic, conservation & other non-production uses

	P
	Paddy
	rice & other flooded crops

	R
	Rainfed
	rainfed agriculture

	S
	Shifting
	low intensity shifting cultivation with perennial rotation

	T
	Forestry
	planted, regularly managed, or planned for non-crop vegetation biomass harvest

	V
	Variable
	management varies in response to unpredictable environment (e.g. seasonal river channels)


Table 1.12
BASIC LAND COVER CLASSES RELATIVE TO LAND SURFACE 
	Co-de
	Name
	Description
	Sur-face
	Herba-ceous
	Woody

	A
	Annual
	herbaceous vegetation
	>25% soil
	>25%
	<10%

	E
	Bare soil
	bare soil all year because of compaction, disturbance, dryness or other long-term factors
	>75% soil
	<<25%
	<<10%

	M
	Mixed
	mixed herbaceous, woody & tree cover
	>25% soil
	varies
	<60%

	P
	Pere-nnial
	cover by trees, shrubs or other woody perennials
	>25% soil
	varies
	>60%

	S
	Sealed
	artificial structures & surfaces
	>75% 
	<<25%
	variable

	V
	Variable
	too variable across years to classify (seasonal riverbeds, etc.)
	varies
	varies
	<<10%

	W
	Water
	water surface all year
	>90% water
	<<10%
	<<10%

	X
	Barren
	minerals, permanent snow & ice
	<10% soil
	<<10%
	<<10%


Annual and herbaceous crops include herbaceous perennials with stem diameter < 5 cm when mature. Area must be planted to at least one crop every three years. Must identify land use – rainfed or irrigated, depending on the feature. 
Agroforestry includes annual or perennial crops interplanted with non-agricultural trees or within cleared patches of regrowth perennials.  The integration of agricultural and non-agricultural vegetation must be part of a long-term management plan by the landowner/manager.  Perennials must be planted in a continuous regular planting pattern with spacing <5m apart and covering sufficient area to map a soft feature (width >5 m and area >100 m2) or with >10% vegetation cover, unless immature.  Must identify land use – rainfed or irrigated, depending on the feature. 
Aquaculture is defined by aquatic livestock and/or crops.  Determine scale of individual pond features, and type of livestock or aquatic plants based on local expert knowledge. 
Annual vegetation - annual and herbaceous regrowth (uncultivated and unmanaged) vegetation cover (tree cover <<10%). Features must be >50% outside disturbed area. Not managed for production or ornamentals, or grazed by domestic animals more than 25% of growing season, or impact of grazing use is low enough that vegetation cover is similar to ungrazed areas under the same environmental conditions.  Minimum feature scale is width >30 m and area >1000 m2. 
Barren area includes rock, snow, ice (naturally occurring, no exposed soil). 
Bare earth includes bare soil all year round, not from current human disturbance. Must be >50% outside disturbed area. Closed woody mixed area has to have > 60% cover by woody non-tree mixed deciduous and evergreen vegetation and tree cover <10 %. May include up to 40% cover by tall graminoids with height <3m. Regrowth features must be >50% outside disturbed area. 
Disturbed and debris areas occupy disturbed areas near structures or >10% cover of anthropogenic debris, abandoned or small earth or sealed structures or pits, mixed small use patches, usually <30m in size. Disturbance may include livestock grazing if grazing is >25% of year and is not managed using fencing or formal agreements or management plan by the landowner. Cover varies, may be sealed for some construction site and abandoned solid structures with <50% of roof or sealed surface remaining features.

Deciduous needleleaf trees include areas with > 60% cover by closed canopy deciduous needleleaf trees, deciduous broadleaf trees - areas with > 60% cover by closed canopy deciduous broadleaf trees. Deciduous woody crops include deciduous woody perennial non-tree crops in a continuous regular planting pattern with spacing < 5m apart and covering sufficient area to map a soft feature (width >5 m and area >100 m2) or with > 60% vegetation cover. Must identify use - rainfed or irrigated, depending on the feature.
Evergreen broadleaf trees include areas with > 60% cover by closed canopy evergreen broadleaf trees, evergreen needleleaf trees - >60% cover by closed canopy evergreen needleleaf trees. Evergreen woody crops include evergreen woody perennial non-tree crops in a continuous regular planting pattern with spacing < 5m apart and covering sufficient area to map a soft feature (width >5 m and area >100 m2) or with > 60% vegetation cover. Includes herbaceous perennial crops with stem diameter >5 cm when mature. Must identify use - rainfed or irrigated, depending on the feature. 
Excavation is defined by active excavations and mines in use or < 40% annual vegetation cover.
Farm buildings include non-livestock, non-residential farm buildings.

Greenhouse includes greenhouses and horticultural built up areas with plants in pots, benches or under cover, in use or >50% cover.

Turfgrass is defined by an area with ≥ 90% cover by intensive turfgrass management in private and  public uses. This is not the same as pasture, hayfield, or unmanaged grass: turfgrass must be managed for ornamental or recreational purposes by frequent mowing and other management interventions such as irrigation and fertilization.

Housing - human dwellings, includes enclosed and connected sealed or compacted bare earth infrastructure (threshing floors, courtyards and outbuildings) and interior vegetation (<5m).  May include structures that are not in use currently but that have >50% of roof intact (if less than this, see disturbed and debris). If feature has multiple types and no type covers a clear majority of the feature, you have to choose multi-story instead of single story.

Household planting include household and individually-managed ornamental plantings, may have (< 10m) turfgrass patches and a limited amount of agriculture/horticulture. Must be < 75% agricultural area in terms of cultivated area (not perennial canopy cover). This includes household yards, grave area plantings, and other plantings by households or individuals that are not planned for production uses. To be considered a household planting, there must be clear evidence of private land ownership or management, such as vegetation management associated with houses, or by private fences, edging, hedgerows, or walls. 
Hydromorphic vegetation includes non-crop hydromorphic emergent herbaceous vegetation (tree cover <<10%). Hydromorphic emergent vegetation is defined as rooted emergent herbaceous vegetation adapted to standing water at least one month per year.

Industrial areas are occupied with industrial buildings, including enclosed and connected sealed or compacted infrastructure (parking, courtyards and outbuildings) and interior vegetation. May include structures that are not in use currently but that have > 50% of roof intact (if less than this, see disturbed and debris).

Infill and dumping areas include areas in use or < 40% annual vegetation cover. 
Irrigation areas are occupied by irrigation and drainage ditches, sealed water storage, etc.
Livestock includes domestic animal structure, pen, manure storage, or heavily grazed permanent enclosure separate from residences. Also includes public toilet buildings that store manure locally and roofed permanent aquaculture structures such as hatcheries.
Mixed crop plots are defined by mixed annual crops and woody or tree crops with planted or regrowth trees perennial spacing > 5m apart or not covering sufficient area to map a soft feature (width >5 m and area >100 m2). Must identify use - rainfed or irrigated, depending on the feature.

Mixed trees indentify areas with > 60% cover by closed canopy mixed deciduous and evergreen trees. Regrowth features must be > 50% outside disturbed area. They may include up to 50% cover by tall graminoids. Minimum feature scale for regrowth vegetation cover is width >30 m and area >1000 m2.

Non-industrial areas include commercial, governmental, and other non-industrial buildings, enclosed and connected sealed or compacted infrastructure (parking, courtyards and outbuildings) and interior vegetation. May include structures that are not in use currently but that have > 50% of roof intact (if less than this, see disturbed and debris).

Nursery areas are occupied by woody perennials for transplanting, including orchard stock, saplings and medium trees in a continuous regular planting pattern with spacing < 5m apart and covering sufficient area to map a soft feature (width >5 m and area >100 m2). Must identify use - rainfed or irrigated, depending on the feature.
Open wooded brush represent mostly open canopy mixed trees with woody and herbaceous under storey with tree cover 10 - 40%. They may include up to 75% cover by tall graminoids. Regrowth features must be >50% outside disturbed area.
Deciduous tree crops include deciduous tree crops planted in a continuous regular planting pattern with spacing < 5m apart and covering sufficient area to map a soft feature (width > 5 m and area >100 m2) or with > 60% vegetation cover. Must identify use - rainfed or irrigated, depending on the feature.
Evergreen tree crops include evergreen tree crops, mature and immature planted in a continuous regular planting pattern with spacing < 5 m apart and covering sufficient area to map a soft feature (width >5 m and area >100 m2) or with > 60% vegetation cover. Must identify use - rainfed or irrigated, depending on the feature.
Other sealed include assorted sealed, compacted, or managed surfaces not built-up with covered structures, not directly associated with buildings.
Open mixed trees are defined as partly open canopy mixed trees with woody and herbaceous understorey with tree cover 40 - 60%. They may include up to 75% cover by tall graminoids. Regrowth features must be > 50% outside disturbed area. Minimum feature scale for regrowth vegetation cover is width >30 m and area > 1000 m2.
Open woody mix represent open canopy mixed woody vegetation deciduous and evergreen with 10 -60% cover by bushes and shrubs and tree cover < 10%. Regrowth features must be >50% outside disturbed area. They may include up to 75% cover by tall graminoids. Minimum feature scale for regrowth vegetation cover is width > 30 m and area >1000 m2. 
Pastures are areas of permanent hayfield or pasture feature grazed by the landowner or by agreement with the landowner: not grazed as a common public area. Vegetation growth must be controlled either by domestic animal grazing or fodder harvest. In most cases there is some form of permanent fencing or other enclosure for animals, and formal land management plans or agreements by or with landowner. Must identify use - rainfed or irrigated, depending on the feature.
Deciduous forestry plantings include immature deciduous forestry tree plantings (< 60% tree cover). Small to medium trees (< 10 cm) planted in a continuous regular planting pattern with spacing < 5 m apart and covering sufficient area to map a soft feature (width >5 m and area >100 m2). Other ground cover may include annual or woody unmanaged vegetation.
Evergreen forestry plantings include immature evergreen forestry tree plantings (< 60% tree cover). Small to medium trees (< 10 cm) planted in a continuous regular planting pattern with spacing < 5 m apart and covering sufficient area to map a soft feature (width >5 m and area >100 m2). Other ground cover may include annual or woody unmanaged vegetation
Public plantings include areas of public, commercial, and other institutionally managed ornamental plantings: in parks, along linear transportation features (roads, canals etc), around non-residential buildings, institution-managed cemeteries, and other areas, may have (< 10m) turfgrass patches. To be considered a public planting, there must be no evidence of private land ownership or management, such as vegetation management associated with houses or enclosed by private fences, edging, hedgerows, or walls.
Hydromorphic crops are defined by rooted emergent hydromorphic crops, mostly rice.
Tall graminoids are non-hydromorphic graminoids > 1 m in height growing in dense thickets with >>90% canopy cover by the graminoids during the growing season (tree cover <<10%). Minimum feature scale is width >30 m and area >1000 m2.
Transportation includes all roads, paths and access built for transport within different areas, with different speed, railroad beds, bridges, etc.
Variable includes areas which are too variable within year to classify.
Water – areas of water surface, usually without vegetation cover are included here.
Closed woody deciduous are represented by areas of > 60% cover by woody non-tree deciduous vegetation and tree cover < 10 %. Regrowth features must be >50% outside disturbed area. Minimum feature scale for regrowth vegetation cover is width >30 m and area >1000 m2.
Closed woody evergreen are represented by areas of > 60% cover by woody non-tree evergreen vegetation AND Tree cover <10 %. Regrowth features must be >50% outside disturbed area. Minimum feature scale for regrowth vegetation cover is width >30 m and area >1000 m2.
Topological and Chorological Relations

In landscape ecology, two main groups of relations are distinguished: topological or vertical relations and  chorological or horizontal relations. The recognition of this ecological relation network is the major theoretical framework of landscape ecology. The topological relations allow the recognition of the individual ecosystems at the earth’s surface on the basis of relative homogeneity. The landscape we distinguish may be considered the result of an overlay. Chorological relations are processes within an ecosystem component but between geographical units, such as groundwater flow or animal movements. From that viewpoint, landscape is a mosaic of patches and corridors within a matrix or a chorological conglomerate. When taking a close look at this approach two groups of chorological relations may be distinguished. The first one concerns relatively simple physical processes within or between mapping units while the second one focuses on relatively autonomous movements of animals. 
As to the first group of chorological relations, it may be stated that these are subject to simple physical laws. Groundwater or surface water flows, the resulting displacement of sediments or seed, the movement of air or oceanic currents are examples of such relations. In general, the movements are from relatively high potential (elevated positions or high pressure) to relatively low potential (low position or low pressure). Because of this being subject to simple physical laws, it is easy to incorporate these relations within the framework of the hierarchical ecosystem classification. The chorological relations can be regarded as movements of matter or energy within an ecosystem component, but between mapping units at the appropriate mapping scale. Thus, air mass movements cause relations between ecozones and between ecoprovinces, groundwater and surface water movements can be mapped between ecosections and between ecoseries and seed dispersal by wind between ecotopes. In fact, this group of chorological relations concerns the surpassing of limits between mapping units.

The second group of chorological relations is relations by animals, moving in heterogeneous landscapes between habitats or functional sites. Since many animals have the means of autonomous movement, these relations are not subject to merely simple physical laws of differences in potential. Such animals use the landscape in a sense which would rather require the approach as a chorological conglomerate. For small animals, it may be stated that they move mainly between ecotopes which are distinguished on the basis of vegetation structure. So this would not result in opposed views as to the nature of landscape. Large animals or birds with large home-ranges, however, may use large geographical areas which in some cases must be heterogeneous; must be heterogeneous in the sense of it being a habitat requirement of the species under consideration. The mapping units (landscapes) which are distinguished in this approach may be defined on the basis of specific heterogeneity or specific pattern characteristics which differ from those in other landscapes. This approach to landscape cannot be matched very easily with the hierarchical ecosystems classification. Therefore, a specific approach to landscapes from a faunal point of view may be necessary.

The horizontal structure of a hierarchical system is composed of subsystems or holons. Holons may also be considered as an interface between the parts and the rest of the universe [2]. Every holon is a part of a higher-level holon, but can itself be considered as assemblage of units. One holon may be composed of other holons, which transmit an aggregated output to the higher-level holon. This represents a real filter for energy, material and information crossing the different layers. Hierarchy can be defined as a system of communication in which holons with slow behavior are at the top and represent the context in which holons of lower level move faster.

1.5.2. Space-Time Aspects in Landscape Dynamics Study

 Scaling the Landscape

Spacing is considered to be the perception of the landscape. Space may be expressed as “the final frontier for ecological theory” (Karevia 1994). According to A. Farina [2] spacing, or spatial arrangement, is a scaled property of living organisms, from individuals to populations and communities. Organisms react to external stimuli because of their biological need to optimize resources and the energy to provide such resources. Spacing is the ecological reply of an organism to non-uniform distribution of resources (habitat suitability) and to inter- and intra- species competition in space and time. Spacing depends on resources availability. Some problems require focusing on an individual organism and its physiological response to environmental changes. Other problems required study of how species change with competition for a limited resource or focus on the arrangement of communities in space and how they interact with heterogeneous patterns of resources on the landscape.
We have considered the definitions of a landscape given by different scientists and emphasized on two important aspects that differs landscape ecology from other ecological disciplines. First, landscape ecology addresses the importance of spatial configuration for ecological processes. And second, landscape ecology focuses on spatial extents that are much larger than those traditionally studied in ecology. The size of landscapes varies and the definitions of landscape units bring up a problem of scale that is the core of ecological principles as spatio-temporal scale allow us to track the processes that create the complexity of our living system. 
Most tools used to analyze space and concepts linked to the ecological processes in heterogeneous environments can be applied over a much larger range of scales. First, one has to define a scale at which the phenomenon of study can be observed and then select tolls for analysis to resolving ecological pattern and process at that spatial-temporal scale. Often the scale is defined by an observer, and disturbance, succession, evolution, community, ecosystem, habitat, niche, population, symbiosis and competition are investigated using the human scale. Definitions of scale-related terminology are given in Table 1.13 (according to M. Turner et al., 2001).
Scale is measured by two factors: grain and extent (Table 1.13). The grain is determined by the finest level of spatial resolution within a given data set. For example, grain refers to the cell size for gridded maps or the minimum mapping unit of maps drawn with polygons. When observing a landscape, the spatial grain might be set by the finest resolution of remote imagery of the landscape (e.g. a 30x30-m pixel). The spatial extent of an observation set is established by the total area samples. Grain and extent are easy to think of when considering remote imagery. Different satellite sensors have different cell sizes, or grain; for example, there is a cell size of 10 m by 10 m; and 90 m by 90 m. The detail that can be gleaned from these different sensors varies, in part because of the differences in grain. Extent can vary independently of grain, although there is some degree of correlation. Then we say that a pattern, process, or phenomenon is scale dependent.  

One source of confusion is that what one means saying large or small scale. The long-standing use in geography of cartographic scale refers to the degree of spatial reduction indicating the length used to represent a larger unit of measure. Cartographic scale is typically expressed as the ratio or representative fraction (RF) of distance on the map to distance on the surface of Earth that is represented on a map or aerial photograph, for example, 1:10,000 or 1:100,000. When geographers and cartographers say large scale, they mean very fine resolution (e.g., 1:500), which in practice means a very large map of a small spatial extent. When they say small scale, they mean very coarse resolution, or maps of large areas that do not contain much detail (e.g., 1:250,000). This use of small and large is opposite to what ecologists usually mean by these terms. It is recommended to use the terms fine and broad to modify scale such that fine-scale refers to small areas, greater resolution, and more detail and broad-scale refers to larger areas, lower resolution, and less detail.
Another consideration in scale terminology is the distinction between absolute and relative scale. We generally talk about absolute scale (see table 1.13), that is, the actual distance, time,
Table 1.13

DEFINITIONS OF SCALE-RELATED TERMINOLOGY AND ONCEPTS 
	Term
	Definition

	Absolute scale
	Actual distance, direction, shape, and geometry

	Cartographic scale
	Degree of spatial reduction indicating the length used to represent a larger unit of measure; ratio of distance on the map to distance on Earth’s surface represented by the map, usually expressed in terms such as 1: 10,000. In cartography, large scale means fine resolution and small scale means coarse resolution

	Critical threshold
	Point at which there is an abrupt change in a quality, property, or phenomenon

	Extent
	Size of the study area or the duration of time under consideration

	Extrapolate
	To infer from known values; to estimate a value from conditions of the argument not used in the process of estimation; to transform information (1) from one scale to another (either grain size or extent) or (2) from one system (or data set) to another system at the same scale

	Grain
	Finest level of spatial resolution possible within a given data set

	Grain
	Finest level of spatial resolution possible within a given data set

	Hierarchy
	System of interconnections or organization wherein the higher levels constrain and control the lower levels to various degrees depending on the time constraints of the behavior

	Holon
	Representation of an entity as a two-way window through which the environment influences the parts and parts communicate as a unit to the rest of the universe 

	Level of organization
	Place within a biotic hierarchy (e.g., organism, deme, population)

	Relative scale
	Transformation of absolute scale to a scale that describes the relative distance, direction, or geometry based on some functional relationship

	Resolution
	Precision of measurement; grain size, if spatial

	Scale
	Spatial or temporal dimension of an object of process, characterized by both grain and extent


area, or the like. On the other hand, we might consider distance relative to the energy that an animal would need to expend to travel between different points on a landscape. With this relative scale, two points that are closest to each other may be far apart if they are separated by a large peak that would require much energy to traverse. 
When we deal with extrapolation, we attempt to infer from known values, that is, to estimate a value from conditions beyond the range of the data used in the process of estimation. For example, we extrapolate when we use a regression line to predict values of y based on a value of x that is beyond our original data. We also extrapolate when we transfer information from one scale to another (either grain size or extent) or from one system (or data set) to another system at the same scale. In practical terms, this occurs because researchers never have all the data they need at all the right scales. Extrapolating may be straightforward in some cases when the relationship of a variable with changes in scale is linear, or additive; however, if the relationship is nonlinear and there are critical thresholds at which there is an abrupt change in some quality, then extrapolation is problematic.

Scale concept and hierarchy theory
Concepts of scale and hierarchy are inseparably linked. In the previous chapter we considered micro-, meso-, marco-, and megascales domains. They are nested series of spatial-temporal configurations, each bounded by the next larger scale and each integrating all the patterns and processes ongoing at lower levels within the hierarchy. Many ecological patterns and processes of direct relevance to landscape ecology are resolvable at the interface between the micro-scale and the mesoscale domains. Whereas it seems of less interest to understand the macroscale biogeographic changes that occurred in earlier. Although landscape ecology includes not only short-term ecological patterns and processes over relatively broad areas, but the long-term changes in patterns and processes on landscape as well.  

Hierarchical structure in nature and a positive correlation in spatial and temporal scales of varying processes became important topics in landscape ecology since it was considered in details in Allen and Starr’s (1982) and the O’Neill et al. (1986) books.  The hierarchy theory considers a system as a component of a large system, and composed in its turn of subsystems. Moving from one level to another of the system, the characters of phenomena change. Landscape classification is an example of a hierarchical framework, moving from ecotope across micro-, meso-, macro- and megachores.

F.Klijn and H. Udo de Haes, 1994 present a hierarchical model of an ecosystem (Fig. 1.14) 
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Fig. 1.14 Hierarchical model of an ecosystem

These authors offer considering hierarchical model in two categories, namely a hierarchy of structure and a hierarchy of processes.  Hierarchy of structure: - reservoirs diminish in size (parent material > soil > vegetation > fauna); - patterns of the upper components are reflected in the lower ones (climate > soil; climate > vegetation; parent material > vegetation). Hierarchy of processes: - energy transport is commonly directed downwards; - matter transport is generally directed downwards; - genesis is determined (e.g. wind > dunes > sandy soils); - the existence of lower components depends on the upper components (e.g. parent material > porosity > groundwater); - changes in the relatively independent components have unavoidable effects on dependent components (e.g. climatic change > surface water discharge > soil erosion > vegetation).
There is a difference in the spatial scale at which ecosystem components cause patterns in dependent components, predominantly the distribution of biota. Climate zones, for example, are a global phenomenon mainly determined by latitude and continental position. Geology determines mountain ranges and valleys at large scales, influencing relief, hydrology and soil formation. Soils show more fine-grained patterns, while vegetation superimposes an even finer pattern of various succession stages. In fact, the patterns we observe are a reflection of the hierarchy of structure. In the hierarchical model this spatial hierarchy is reflected in the ranking of the components.

As to temporal scales, the various components of the ecosystem are ecologically relevant at different time scales, as can be understood by looking at the natural rate of change in the character of the various components. Natural climate change generally takes tens of thousands of years. Geological processes such as mountain building, weathering, or meandering of rivers need as much time, but some processes may occur in

decades, and disasters even within a day. Soil characteristics may change in thousands of years to centuries, although erosion may cause very rapid soil degradation even within a few hours. Vegetation may react within a year, although natural succession generally takes decades or even centuries, while fauna, of course, is the most rapidly responding component in ecosystems. These differences in the temporal scale of natural processes reflect the hierarchy of processes. It also accounts for the time lag which is so often encountered in the ecological effects of processes which imply abiotic changes first, such as acidification or climate change. The hierarchical model reflects these temporal scales in the sense that the most rapidly responding components are put relatively low in the hierarchy.

Hierarchy theory provides a context for examining relationships that change with scale. It helps explain how phenomena change when you alter the scale at which you are observing the ecological system. Then we examine the effects of changes in scale. Hierarchy is usually identified with the concept of levels of organization in the ecological literature. In the simplest series (cell, organism, population, community), each level is composed of subsystems on the next lower level and is constrained by the level above it. Within a hierarchical system, the levels are distinguished by differences in the rates, or frequencies, of their characteristic processes. Holons (building blocks according to Naveh, 1994) have characteristic rates of behavior, and these rates place them at certain levels in the hierarchy of holons. For example, an individual organism, as a holon, can interact with other individual organisms because both operate at the same space–time scale. But an individual organism cannot interact with a biome; they are orders of magnitude different in scale. To the individual organism, the biome is a relatively constant background or context within which it operates. Thus, temporal scales serve as important criteria for identifying levels within a hierarchy, and there are different scales of space and time over which controls operate.
The predator/prey example with two species of insects found in the leaf litter in forest is described in [27] and considered as a show example. First both the predator and prey were sampled in 0.1 m2 areas of litter through out a forest stand (the region grain is 0.1 m2). Measurements were taken every 10 meters for a total 199 meters (establishing the spatial extent of the observation set). At this fine scale a ‘predator avoidance” scheme was observed. If a predator was in the neighborhood, the prey moved away.  Then the scale was changed and the extend of the data too. The sampling was performed every 2000 meters over a total length of 20,000 meters. At this broader scale they were sampling over different habitat types through out the landscape, including agricultural lands, meadows, and other areas parted from litter. Because both insects require the cover and detritus of leaf litter, both predator and prey are more prolific in forests areas with leaf litter, and less prolific in habitat types with less litter. Data obtained showed that the number of preys doubled comparing to the number of predators.

The important thing has to be noted from the example given above is that changing the scale of observation (the grain or the extent of the data set) changed the dominant phenomena controlling the pattern, from predator avoidance at fine scale to land-cover changes at broad scales. The hierarchical structure of ecological systems helps find the answer to why? (why does something occur?) at the next lower level of organization. The answer to so what? (what is the significance?) is ordinary found at the next higher level of organization.

An important concept from hierarchy theory is the importance of considering at least three hierarchical levels in any study (Fig. 1.15). Upper levels constrain the focal level and provide significance; lower levels provide details required to explain response of focal level. The focal level or level of interest is identified as a function of the question or objective of the study. For example, answering the question, “What is the effect of insect predator impact on leaf litter in the forest?” would require focusing on the forest, whereas “What is the effect of insect predator on the distribution of insect prey across the landscape?” would require focusing on the landscape as a whole. Two additional levels must then be considered. The level above the focal level constrains and controls the lower levels, providing context for the focal level. The level below the focal level provides the details needed to explain the behavior observed at the focal level. Returning to the example of the individual organism as a holon, we explain how it is able to function as a predator by examining its structure and physiology (e.g., sensory organs, teeth, and/or claws). However, the availability of prey species (and ultimately the success of the predator) will be constrained by the broader-scale system in which it is located.
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Fig. 1.15. Three levels in a hierarchy
So, hierarchy theory tells us that attention should be focused directly on the scales at which phenomena of interest occur. Finer-scale processes may be viewed as the details required explaining the phenomena at the focal scale, while broader-scale patterns are the constraints that limit the potential range of rate processes.
Space-Time Hierarchy

Scale refers to the spatial or temporal dimension of an object or a process. This is distinguished from level of organization, which is used to identify a place within a biotic hierarchy. For example, a sequence of differing levels of organization might be organism, deme, population, community, and biome. Each level of organization is characterized by a variety of processes that have their own scales of space and time. A population of a particular species may occupy a given amount of space, move or disperse a set distance, and reproduce within a characteristic time period. However, the community to which that population belongs will be characterized by spatial and temporal scales associated with the collection of populations composing the community
Space–time hierarchy diagram was proposed by H. Delcourt et al. (1982) and considered in [26] in terms of quaternary landscape ecology. Environmental disturbance regimes, biotic responses, and vegetation patterns are depicted in the context of space–time domains in which the scale for each process or pattern reflects the sampling intervals required to observe it. The time scale for the vegetation patterns is the time interval required to record their dynamics (Fig. 1.16).

The micro-scale domain has duration of from 1 yr to 500 yr, and a spatial dimension of 1 m2 to l06 m2 (100 ha). On this spatial-temporal scale; seasonal patterns of temperature and precipitation as well as longer-term weather trends and climatic fluctuations of decades to centuries are important stimuli to both plant and animal populations. Local to widespread disturbances of relatively short duration, such as wildfire, wind throw, and clear cutting have immediate effects on community composition. Geomorphic processes operative on this scale include soil creep, movement of sand dunes, debris avalanches, slumps, fluvial transport and deposition etc. Biological responses to weather and climate changes include cyclic changes in animal populations, gap-phase replacement of forest trees, and plant succession on abandoned agricultural fields. These events thus affect vegetation at levels from individual plants to large forest stands. Examples of changes in  the  landscape  mosaic  on this  time  scale  include   forest 
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 Fig.1.16. Environmental disturbance regimes, biotic responses, and vegetation patterns 

viewed in the context of four space-time domains 
fragmentation, with changes in relative size of forest and nonforest patches, increases in forest edge, and changes in available corridors due to land clearance. The micro-landscapes are useful tool for testing hypotheses on the relationships between spatial heterogeneity and ecological processes.

The meso-scale domain (Fig. 1.16) extends in time from 500 yr to 10,000 yr and in space from l06 m2  (a physical feature averaging 1 km in width) to l010 m2  (100 km width). This domain encompasses events occurring over the last interglacial interval, the Holocene, and on watersheds of most second order streams, mountain ranges. On the meso-scale, changes in geomorphic and climatic regimes effect changes in dynamics of patches in a landscape mosaic. Species migrations and ecotone displacements occur on this scale in response to changes in environmental gradients and predominant disturbance regimes. Long-term changes in the landscape mosaic occur on second-order and larger stream watersheds as well as on other large landforms. Within this domain, human cultural evolution has resulted in the transformation of natural landscapes to cultural ones.
The macro-scale domain (Fig. 1.16) lies largely within the research sphere of the Quaternary scientist. Within this domain, natural phenomena operate at temporal scales from 10,000 yr to 1,000,000 yr and at spatial scales ranging from l010 m2 (physical features averaging 100 km width) up to l012 m2  (1,000 km width). This domain spans in time from one to many glacial-interglacial cycles and in space an area of a physiographic province. On this scale, speciation and extinction become important biotic responses along with subcontinental-scale migrations and displacements of biomes. Changes in landscape heterogeneity occur on a macro-scale across entire physiographic regions.

The mega-scale domain (Fig. 1.16) encompasses 1 million yr to 4.6 billion yr (the age of the Earth) and includes areas > 1012 m2 (land features > 1,000 km in average width). This scale ranges from continental to hemispheric and global and includes the majority of geologic time during which plate tectonics have changed the configurations of continents and ocean basins, the biota has undergone major episodes of evolution and extinction, and the linkages between the lithosphere, cryosphere, and biosphere have developed.

    Questions & Assignments
    1. What are the main characteristics of a landscape? 

    2. What elements is the structural pattern of the landscape composed of?

    3. Why are the landscape boundaries important for the landscape management?
    4. What is the difference between ecotopes and patches?

    5. How are the ecotopes classified?

    6. Why is spacing important for ecological theory?

    7. How is scale measured?

    8. Explain a hierarchical model of an ecosystem. 
1.6. Landscape Ecology – Emergent Approach

The main topics of the theme

1. Landscape Ecology as a Present-day Aspect of Landscape Science.         

2. Definitions of Landscape Ecology as a Science.

3. Emergence of Landscape Ecology.

4. Landscape Ecology and Sustainability. . 

Recommended literature: [2, 4, 16, 18].
1.6.1. Landscape Ecology as a Present-day Aspect 
of Landscape Science
Landscape ecology is the study of landscapes; specifically, the composition, structure and function of landscapes. In many text books it is mentioned that landscape ecology is the ecology of landscapes, and regional ecology is the ecology of regions. The concept of a landscape has multiple meaning and essentially holistic. Different ways of dealing with the landscape have developed, each of which with its own concepts and methods. Three groups can be divided: the natural sciences (where the landscape ecology has a key role), the human sciences (with mainly historical geography and historical ecology), the applied sciences (with landscape design and architecture and planning).
The IALE defines landscape ecology as the study of spatial variation in landscapes at a variety of scales. It includes the biophysical and societal causes and consequences of landscape heterogeneity. The conceptual and theoretical core of landscape ecology links natural sciences with related human disciplines. The core themes determined by IALE to be discussed in the frame of landscape ecology researches are as follows: 
· the spatial pattern or structure of landscapes, ranging from wilderness to cities; 

· the relationship between pattern and process in landscapes;
· the relationship of human activity to landscape pattern, process and change; 
· the effect of scale and disturbance on the landscape.
All mentioned above defines the emergence approach to the present day aspect of landscape science – landscape ecology. Here are some of the definitions of landscape ecology that are quoted in different textbooks.
Landscape ecology ... focuses on (1) the spatial relationships among landscape elements, or ecosystems, (2) the flows of energy, mineral nutrients, and species among the elements, and (3) the ecological dynamics of the landscape mosaic through time (Forman 1983).
Landscape ecology focuses explicitly upon spatial patterns. Specifically, landscape ecology considers the development and dynamics of spatial heterogeneity, spatial and temporal interactions and exchanges across heterogeneous landscape, influences of spatial heterogeneity on biotic and abiotic processes, and management of spatial heterogeneity (Risser et al. 1984).
Landscape ecology is motivated by a need to understand the development and dynamics of pattern in ecological phenomena, the role of disturbance in ecosystems, and characteristic spatial and temporal scales of ecological events (Urban et al. 1987).
Landscape ecology is the study of the reciprocal effects of spatial pattern on ecological processes; it promotes the development of models and theories of spatial relationships, the collection of new types of data on spatial pattern and dynamics, and the examination of spatial scales rarely addressed in ecology (Pickett and Cadenasso, 1995).
Other scientists recognized landscapes as those “dealt with their totality as physical, ecological and geographical entities, integrating all natural and human (caused) patterns and processes…” (Naveh 1987); “… heterogeneous land area composed of a cluster of interacting ecosystems that is represented in similar form throughout” (Forman and Gordon 1986). Harber has defined the landscape as “a piece of land which we perceive comprehensively around us without looking closely at single components, and which looks familiar to us”; according to Turner landscape is “… an area that is spatially heterogeneous in at least one factor of interest” (Turner et al. 2001).

As it is seen from these definitions and emphasized in [20], there might be defined two important aspects of landscape ecology that distinguish it from other disciplines within ecology. First, landscape ecology addresses the importance of spatial configuration for ecological processes and may be applied across a wide range of scales. Second, landscape ecology often focuses on spatial extents that are much larger than those traditionally studied in ecology, often, the landscape as seen by a human observer. Landscape ecology addresses many kinds of ecological dynamics across large areas.
Landscape ecology has been recognized as a highly interdisciplinary science of heterogeneity. In general, heterogeneity refers to a multiscaled structure in space and time. Heterogeneity may be regarded as an essential cause and consequence of diversity and complexity in both natural and social systems, and thus plays a key role in dealing with complexity in theory and practice. M.Turner (2005) suggested that landscape ecology should continue to focus on spatial heterogeneity and the relationships between pattern and process. Landscape ecology has also been considered as ‘‘a holistic and transdisciplinary science of landscape study, appraisal, history, planning and management, observation, and restoration’’ (Naveh and Lieberman 1994).
Emergence of Landscape Ecology

    In their research M.Turner et. all (2001) there was also clearly defined the emergence of landscape ecology as a subject for ecological study. This emergence in the early 1980's in Europe and North America can be traced to the following factors (Fig.1.17, according to Turner et al., 2001):
· growing awareness of broad-scale environmental issues requiring a landscape perspective; 

· increasing recognition of the importance of scale in studying and managing pattern-process relationships; 

· emergence of the dynamic view of ecosystems/landscapes;

· technological advances in remote sensing, computer hardware and software. 
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Fig. 1.17. The Emergence of Landscape Ecology 
Broad-scale environmental issues. The degradation of Earth’s ecosystems is further signaled by the unprecedented decline of thousands of species, many of which have become extinct. Many of the world crises are the result of cumulative impacts of land use changes occurring over broad spatial scales. Questions of how to manage populations of native plants and animals over large areas or how to reduce the harmful effects of nonpoint source pollution in aquatic and terrestrial ecosystems demanded for the scientific background of managing large areas and using the ideas of spatial heterogeneity for land-management decision. All that caused the development of landscape ecology especially in the USA and in the world. This demand for land management and rational land use has been growing since the 1980s through all over the world.
Scale and hierarchy. The importance of scale became world-wide recognized in ecology in the 1980s. The development the theory of scale made ecologists consider the patterns and processes that were important at different scales of space and time. No single scale was appropriate for the study of all ecological problems. Some problems required focus on an individual organism and its physiological response to environmental changes. Other problems required focusing on the arrangement of communities in space and how they interact with heterogeneous patterns of resources on the landscape. The theory of scale and hierarchy provided a partial theoretical framework for understanding pattern-process relationships, which became the basis for the emergence of landscape ecology as a discipline.  

Dynamic ecosystem view. Ecosystems are dynamic systems and can be understood considering the flow of energy and material across ecosystem boundaries. This view of ecosystems as “open” systems required an understanding of how mosaics of ecosystems interact to effect ecosystem processes, and this led to the emergence of landscape ecology.

Technological advances. The geographic sciences have made important contributions to the methodology of landscape ecology. Software developments (e.g., GIS and image analysis programs, spatial statistics) provide computer capabilities for displaying, superimposing, and analyzing spatial patterns. These analytical tools and the geographer’s experience in handling large spatial databases have been a stimulus and critical resource for landscape ecologists. It is obvious that technological advances since the recent time have made possible the study of landscapes. The American and the Western European schools of landscape ecology are increasingly developing these technologies.
1.6.2. Landscape Ecology and Sustainability

Sustainability is a new kind of science that focuses on the dynamic interactions between nature and society. It involves ‘‘the cultivation, integration, and application of knowledge about Earth systems gained especially from the holistic and historical sciences (such as geology, ecology, climatology, oceanography) coordinated with knowledge about human interrelationships gained from the social sciences and humanities’’ (Reitan 2005). It is fundamentally important to realize that ‘‘successfully sustainable human societies must… be as attuned as possible to their local and regional environments, their geoecological support systems; lifestyles must be adapted to the ecosystems in which societies live…, and governing policies each adjusted to fit their area, not a single dominant culture or way of living spread across the globe’’ (Reitan 2005). Sustainability science addresses issues such as self-organizing complexity, vulnerability and resilience, inertia, thresholds, complex responses to multiple interacting stresses, adaptive management, and social learning, and is committed to place-based and solution-driven research encompassing local, regional, and global scales (Kates et al. 2001; Clark and Dickson 2003). Of particular relevance to landscape ecology is the emerging ‘‘land-change science’’ (sensu Rindfuss et al. 2005), a critical component of sustainability science which focuses on observing and monitoring land use and land cover change (LUCC), assessing the impacts of LUCC on ecosystem processes, goods and services, and understanding the biophysical and socioeconomic mechanisms of LUCC.

Landscape ecology is increasingly related to sustainability science in theory and practice. Overall, landscape ecology can contribute significantly to the development of sustainability science on several grounds. The human landscape (or region) may be considered as a basic spatial unit for studying and maintaining sustainability because it represents the smallest scale above which nature-society interactions can be meaningfully addressed. Then the landscape ecology provides a hierarchical and integrative ecological basis for dealing with issues of biodiversity and ecosystem functioning at multiple scales. It offers theory and methods for studying the effects of spatial heterogeneity on sustainability. Finally, landscape ecology provides both theoretical and methodological tools for dealing with scaling and uncertainty issues that are fundamental to most nature society interactions (Wu et al. 2006). It seems necessary to consider landscape ecology part of the scientific core of sustainability science. 
    Questions & Assignments
    1. How does the IALE define the landscape ecology?  

    2. What are the core themes in the frame of the landscape ecology according to the IALE?

    3. What are the main factors of the emergence of landscape ecologyas a subject for ecological study?

    4. How is a landscape ecology related to a sustainability science?[image: image17][image: image18][image: image19]
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