PART II
NATURAL AND NATURAL-ANTHROPOGENIC LANDSCAPES OF UKRAINE 

2.1. Landscapes Classification in Ukraine

The main topics of the theme

1. General Characteristics of the Landscapes Character.

2. General Approach to Landscape Classification.

3. Landscape Diversity in Ukraine.

4. Practical Use of Landscapes. 

Recommended literature: [1, 26].
The territory of Ukraine is mainly flat lowland and gently rolling uplands, with mountain and sub-mountain regions constituting only about 6% of its area (Fig. 2.1). The western edge of Ukraine lies within the Carpathian mountain range which stretches from the Czech Republic to Romania. The highest mountain in the Ukrainian Carpathians is Hoverla, rising to 2,061 metres (by comparison, the height of Mont Blanc, the highest peak in the Alps, is 4,807 metres). Forests, in which fir and beech trees predominate, cover about half the area of the mountain slopes. On the south-eastern coast of the Crimean peninsula there is the Crimean mountain range, the highest point of which is the Roman-Kosh peak at 1,545 metres. About 60% of this area is covered by forest, consisting mainly of oak, beech, hornbeam and pine. 
The remaining part of the country is rolling upland plain. A lowland region of wooded bogs and swamps, called the Polissya or the Prypyat Marshes, is located in the northern Ukraine. Much of this marshland region has been drained and cleared for agriculture. Lowlying plains are found in the southern Ukraine in the lower Dnipro River Basin and the Black Sea coastal region. The plain part of the country can be divided into three main geographic zones, which consist roughly of parallel east-west belts. In the north there is the forest zone, covering 20% of the country. The height of the land varies mostly between 100 and 200 metres, but reaches around 400 metres in some places in the west. Of this 
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zone, approximately one third is covered by forest, mainly pine, oak, birch and alder, and a similar area is cultivated.

The landscape of fertile plains, steppes and plateaus is crossed by rivers and dotted by more than 3,000 lakes, which cover about 4 per cent of the country’s territory. The only major northward-running river, which joins the Wisla River in Poland, is Zahidnyi Buh (Western Bug, 401 km); all other major rivers flow southward and empty into the Black Sea or the Sea of Azov. Ukraine’s longest, and Europe’s third longest, river, the Dnipro, runs 1,121 kilometres of its total length of 2,290 kilometres within the country’s borders and forms a river network to which over half the rivers in the country belong. Ukraine has 2,782 kilometres of the Black Sea coastline.
The forest-steppe zone in the centre, covering about 35% of the country, is a mixture of forest and steppe (the “steppe” is the belt of natural grassland plains stretching from the northern shores of the Black Sea to eastern Kazakhstan) (Fig. 2.1). Here the land height varies between 50 and 500 metres, the higher regions being mainly in the west. About 12% of the zone is covered by forest, mainly oak, hornbeam, beech and ash, and up to 80% of the land is farmed. 

The remaining 40% of the country, in the south and east, is within the steppe belt. Most of the land is between 0 and 300 metres above sea level, the higher regions being in the north and east of the zone. Only 3% of the zone is forested, while 80% consists of arable land. Most of the land in the forest-steppe and steppe zones (44% of the whole country) is covered by chornozem (literally “black soil”), a particularly fertile type of soil.
In the Ukrainian landscape school it is common practice to group landscapes into certain classification units (O. Marinich et.all, 1985, 2003; V. Gutsulyak, 1992). The landscape classes are divided based on the large platform-plain morphological structures that correspond to plains and characterized by horizontal zonality, and mountainous territories with vertical zonal structure. There are two classes of landscape complexes in Ukraine – the plain and the mountainous ones. The dominant landscape class is the plain landscape occupied more than 93% of the territory of Ukraine; the rest (almost 7%) refers to the mountainous landscapes. Mountainous landscapes depend on the geographical location of mountains and their true altitudes.  Almost the whole territory of Ukraine is located in the temperate zone with the exception of the southern part of Crimea where elements of subtropical landscapes of the Mediterranean character are available.
The landscape classes are divided into types based on the heat and moisture balance and characterized by the common zonal soil and vegetation cover. There are four zonal types (also called “natural zones” in different sources) within the plain landscape class (Table 2.1): 
· mixed coniferous-broad-leaved, 
· broad-leaved, 
· forest-steppe, 
· steppe types.  

The types and subtypes are made up of the smaller physical-geographical subdivisions like krai, oblast, rayon (see table 2.2). The krai is divided on the basis of the geological and geomorphologic structure and the climate features (continentality increases to the east). The krai is divided into geographic oblasts, and the oblast – into rayons, the smallest regional geographic unit characterized by relatively homogenous landscape structure.  Besides, floodplains of river basins, spread all over the territory of the country, are classified into separate units (3 for the plain valleys and 3 for the dales) (Table 2.1). 
Table 2.1
EXTENSION OF LANDSCAPE TYPES

	Natural zone 
	Area 

tous.km2
	% from the territory of Ukraine
	Landscape kinds

	
	
	
	Amount 
	%

	Zone of mixed forests 
	91.5
	15.2
	22
	14.6

	Zone of broad-leaved forests 
	43.7
	7.2
	12
	7.9

	Forest-Steppe zone 
	190.6
	31.6
	28
	18.5

	Steppe zone 
	238.1
	39.4
	57
	37.7

	Mountain Regions 
	39.8
	6.6
	32
	21.2

	Total in Ukraine
	603.7
	100
	151*
	100

	* besides, there are 6 floodplain types: 3 for mountainous and 3 for plain rivers


Table 2.2
LANDSCAPE DIVERSITY OF UKRAINE 
	Physical-geographic zone
	Landscape class
	Landscape type

(natural zone)
	Unit

	
	
	
	Landscape
	Physical-geographic

	
	
	
	Type
	Kind
	Krai
	Oblast
	Rayon

	East European Plain (southern-western part)
	Plain
	Mixed (coniferous-broad-leaved) forests
	1
	23
	1
	6
	43

	
	
	Broad-leaved forests
	1
	12
	1
	5
	29

	
	
	Forest-Steppe
	1
	29
	3
	14
	58

	
	
	Steppe
	1
	58
	7
	22
	99

	Carpathian Mountain country (part)

Caucasian-Crimean Mountain country (part)
	Mountainous
	Ukrainian Carpathians
	1
	24
	1
	7
	35

	
	
	Crimean Mountains
	1
	11
	1
	3
	14

	Total
	2
	4+2
	6
	157
	14
	57
	278


In the steppe type there are three subtypes: northern-, median-, and southern steppe landscapes. In the mountainous landscapes there are two types: forest-meadow with dales in the Ukrainian Carpathians and forest-meadow with cuestas in the Crimean Mountains. The landscape types consist of landscape kinds characterized by the relief morphology and its lithogenous ground. 
The data on quantitative assessment of anthropogenic landscapes of Ukraine are given in the Appendix 3 developed by P. Shyshchenko, 1999.  

    Questions & Assignments
    1. What are the main distinctive features of the landscape character in Ukraine?

    2. What are the main principles for the landscape classification?

    3. Name the main landscape types and sybtypes.

    4. How are the main landscape types used?

2.1. Characteristics, Degradation and Remediation of the main Landscape Types in Ukraine

The main topics of the theme

1. Landscapes of the Mixed Forests zone: general characteristics, hydrographic network, climate, relief, parent materials, soils (taking into account their ecological characteristics and agronomic practice), vegetation cover. 

2. Landscapes of the Broad-Leaved Forests.

3. Landscapes of the Forest-Steppe Zone.

4. Landscapes of the Steppe Zone.

5. Landscapes of Ukrainian Carpathians.

6. Landscapes of Crimean Mountains.

7. Degradation and possible remediation of each landscape type.   

Recommended literature: [1, 2, 3, 20].
2.1.1. Landscapes of Mixed (Coniferous Broad-Leaved) Forests

Characteristics of the Coniferous Broad-Leaved Forests

The landscapes of mixed forests are characterized by the following specific features: lowland relief, predominance of sandy and sandy-loam anthropogenic sediments; moderate continental climate with the positive moisture balance (favourable for the dense hydrological network with the wide swampy river valleys); prevalence of soddy-podzolic and swampy soils occupied by the broad-leaved forests (30%), meadows (about 10%), swamps and swampy lands (around 8%).   It has to be noted taking into account the mentioned features, that landscapes of this zone are the least anthropocentric changed as compared with the other landscapes (especially with the forest-steppe and steppe zones). Mixed forests occupy a little bit more than 15% of the territory of Ukraine. 
The dense river network, different lakes, swamps are developed within this zone. The surface and underground waters, climate conditions, orography, and geological structure are favorable for watering of the territory

The Dnipro river flows from the northern border of the country to the city of Kyiv. The Kyiv water reservoir influences the Dnipro river hydrological regime and serves as a natural barrier. It significantly decreases the intensity of biotic functional bounds between the ecological network components of the right and left Dnipro banks. The largest Dnipro tributaries here are Prypyat and Desna. The right tributaries – Triya, Stokhid, Styr, Gorin, Ubort and Uzh – have wide swampy valleys. The landscapes of these valleys correspond to criteria of potential econetwork components according to their current condition and functional value for the territory.      
The average precipitation rate is 600-650 mm per year. The amount of precipitations exceeds natural evaporation from the soil surface and so the Ukrainian Polissya is characterized by the positive moisture balance. The humidity factor changes from 1,9 on the east to 2,6 and higher on the west. The average duration of the frost-free period ranges from 180 days on the west to 160 days on the east. The annual radiation balance equals 1700-1800 MJ/m2 from the west to the east.
The parent materials of the Forest zone are glacial till, glacial outwash and alluvial deposits. These are predominantly sand and loamy sand of fluvioglacial deposits (glacial outwash) occupied 10,5% of the total area of Ukraine (60,3 mln hectares). As it was mentioned above, the soil types of the mixed forests are represented by different soddy-podzolic and swampy soils. They occupy around 95% of the territory. Obviously speaking these soils are less favorable for agricultural activity than fertile humus-carbonate and grey forest soils. The last ones are developed in the form of sporadic spots. Fertile soils of the Ukrainian Polissya are considered to be soddy-carbonate, grey forest, and podzolized chernozem types. Soddy-carbonate soils are developed in the southern and southern-western parts of the Volyn Polissya on the weathered chalk marl and chalk rocks. 

The soddy-podzolic soils have the following main causes for low productivity: light texture, excessive wetness, low content of soil humus and macro- and microelements of plant nutrition, and excessive soil acidity. Unfavorable physical properties may also be added to this list. Light-textured (sandy) weakly and moderately podzolic soils are covered mainly by the forests. Only about 30% of their total area belongs to plow land. It is possible to grow winter rye, buckwheat, potatoes, barley, oats, and lupine on such soils. Sandy soddy-podzolic soils are usually plowed to the depth of 18-20 cm in the fields. Farm manure and composts are the essential manures which should be applied at rates of 18-20 mt per hectare of a crop rotation per year. Regular lime application is also a necessity. Lime should be applied in the fields with the most unresponsive to liming crops in rates from 1.0 to 3.5 mt/ha of 
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 every 5-6 years. Sandy soddy-podzolic soils which are loamy sands and loams in texture are most valuable and effectively used soils in the Polissya zone. 
The soddy-podzolic gleyed soils have low potential productivity due to unfavorable aeration, high level of soil acidity and toxicities, and not sufficient space for the development of roots (hardness of illuvial horizons). But such soils are satisfactory for the growth of hemp, small grain crops sown in late spring, and vegetables. Loamy sand soils are good for forage crops and perennial grasses. But they are not favorable for potatoes and fruit trees. Slitting and mole drainage may prove effective on gleyed soils. Drainage is an expensive practice and must be avoided, if possible. Lime should be applied at rates of 3 to 7 mt/ha in combination with phosphorite meal which favors the involvement of soluble aluminum into complex compounds so that it looses its toxicity to plants. Organic manure rates should be lower than on nongleyed species. 

A characteristic feature of the soil cover is its mottling. The soils of one type do not occupy continuous massifs and often are changed with the soils of other types. It determines the high mottling of the landscapes. On the one hand this fact complicates the use of such landscapes; on the other hand it provides the availability of weakly transformed landscape complexes. These complexes are worth joining with each other in the process of ecological network formation.   
A large group of alluvial (floodplain) soils were formed on floodplain terraces of the river valleys. The wider the river, the wider is its floodplain. There are over 600 rivers in the Polissya zone of Ukraine, 20 of them are over 100 km long. Two specific soil forming processes – floodplain and alluvial take place in river valleys. 
The saline and solonized soddy-gley and meadow soils, swampy soils are happen to be found on the left bank of the Dnipro river in immature and old river valleys. Large massifs of swampy soils are located in the northern parts of Volynska and Rivne oblasts, northern-western part of Zhitomir oblast and occasionally in Chernigiv oblast. The swampy soils are also called bog or peat soils. The area of peaty-swampy soils in Ukraine is 1,202 thousand hectares, of which about 570 thousand hectares are a farmland. By the conditions of water and mineral nutrition, the swamps are divided into upland, transitive, and lowland. The first two occupy a very limited area in Ukraine and are found mainly in Polissya zone: the north of Rivno, the north-west of Zhitomir regions, and in the Carpathians. Their area does not exceed 5% of the total area of swamps. Lowland peat soils occupy 635 thousand hectares in the Polissya zone.

The ecological role of swamps displays itself in two aspects. Swamps are geochemical barriers accumulating certain elements, mechanical barriers, which retain fine earth which is washed off the surrounding slopes, and physico-chemical barriers, which retain and preserve a number of valuable substances, migrating in biosphere, and transfer them from geologic to biologic cycle due to the accumulating role of swamp vegetation.

The natural vegetation of the mixed forests is preserved much better than in the other landscape zones. The territory has a high percentage of forest lands (woodiness). The main forest forming tree types are: pine (around 60% of the forest covered area), oak (more than 20%), birch (10%), alder (6,5%), aspen (2,3%), hornbeam (2%).
The landscape structure of the mixed forests zone is quite complicated and mottled. Some landscape parts and their components like floodplains, sand levees swamps, are not stable, dynamic, and vulnerable towards natural and anthropogenic processes. The main part in the landscape structure belongs to alluvial, alluvial-outwash, outwash-moraine, moraine, denudation (peneplain) low land plains on the Precambrian crystalline, Cretaceous and Palaeogene deposits with different soddy-podzolic, swampy, sometimes with grey forest soils under pine woods, meadows, and deforestated and irrigated agricultural lands (O. Marinich, P. Shyshchenko, 2003).   
Degradation of mixed (coniferous broad-leaved) forests. In general, the mixed forest zone is less anthropogenically influenced comparing to other landscapes of Ukraine (first of all comparing to forest-steppe and steppe zones). Arable lands occupy around 28% of the mixed forest territory as soddy-podzolic and swampy soils are less suitable for agricultural use than fertile humus-carbonate and grey forest soils.    

The landscape structure here is quite complicated and heterogeneous. The landscape sites, urochishcha, facias do not occupy large areas and are often alternated with each other. It complicates their use, particularly in husbandry. The part of landscape complexes and their components like backwaters, sand bars, swamps, is considered to be not stable, dynamic and vulnerable to natural and anthropogenic changes.

The majority of the mixed forests landscapes are represented by outwash plains and alluvial paleoplains with the soddy-podzolic soils of light granulometric content and swampy landscapes of different origin. The forest clearing in the landscape complexes of outwash plains and alluvial paleoplains and reclamation of swamps and peat lands led to significant decrease of landscape stability and environmental resistance.  The processes of deflation - the removal of loose rock material, sand, and dust by the wind – have been increasingly developed. The irrigative works widely held in Polissya area in 60-80s of the last century caused negative effect on the environment, especially, in the river valleys, where the swamps reclamation was done without a two-way flow regulation. All that resulted in significant changes in the water and heat regimes, transformation of soil and vegetation cover in swampy landscapes. However, these changes are not crucial and the level of natural complexes degradation can be assessed as moderate. The main anthropogenic factors influenced the natural landscape state are wood procurement (forestry) and reclamation works. 

2.1.2. Landscapes of Broad-Leaved Forests

The broad-leaved forests cover the northern-western part of Ukraine (a little bit more than 7% of the territory). In the relief of the Western-Ukrainian krai the following structures are determined: the Volynska and Podilska uplands, Roztochchya, Opillya, and Khotyn upland.  The eastern border of the krai is fixed along the line Polonne – Stara Synyava –Nova Ushutsya – the river Dniester valley. Land form is dissected by the numerous rivers that drain the upper parts of the Dniester, southern Bug, Visla and Prypyat river basins.  The river basins are embedded here at a depth from 50-100 m to 150-200 m. The valleys of the left Dniester tributaries are canyon-like, especially in their near-mouth parts. They embed rock masses of Paleozoic and Mesozoic – Cainozoic deposits. 

The most significant relief forms on the interfluves are dissected limestone elevations consisted of hard rocks – Tovtry (Medobory). These are remains of barrier reefs eroded by the surface waters and denudated by continuous weathering. Tovtry are risen above the surrounding terrain by 50-60 m and reach true altitude of 350-400 m. All the elevations are located in the central part of the broad-leaved forest zone and extended with the stripe from Pidkamen to Camenets-Podolskij from the northern west to the southern east in the form of separate hills and ridges. In some places Tovtrys’ ridges form the stripe of 10-12 km width.    
Surface and underground karst are widely developed through over the territory. Their formation is conditioned by spread of Neogene gypsum-bearing deposits. Development of karst phenomena significantly affects the surface and underground drain. The Podillya karst caves have a great scientific and practical value, particularly in connection with the development of ecological tourism. They have to be researched and thoroughly protected.  
The winters here are mild with frequent thaws and average temperature of – 4,50 C. The summers are moderately warm; vegetation period lasts for 200-212 days. The sufficient humidity is favorable for natural forest cover of the territory.   
The river network is quite dense. Its significant peculiar feature is the spread of river valleys parallel to each other. These valleys are developed in the upper part of the Dniester river basin (the left tributaries). All tributaries flow from the north southward in sub-meridian direction. The river basins are characterized by mild meso- and microclimate conditions favourable for heat-loving cultures.    
The soil cover is represented by podzolized chernozems and grey forest soils formed under broad-leaved forests. The surface roughness, deep canyon-like river basins, hilly slopes – all these facts are favourable for preservation of natural vegetation. The broad-leaved forests are characterized by development of beeches, hornbeams, oaks and less by alder forests. Within patches of dissected relief the following vertical zonality of forest type development is observed downward: beech – oak-hornbeam – oak – oak-pine. Floodplain and swampy meadows are more developed, peat meadow – less. Upland meadows are rarely found on the useless for ploughing slopes.  
   Degradation of broad-leaved forests. The territory of the Western Ukrainian broad-leaved krai is highly developed and cultivated. Some areas are highly cleared and so could be referred to the forest-steppe zone. However other places are still characterized by relatively high percentage of forest cover comparing to the rest of the territory. These patches are located on the Volynska, Podilska uplands, in Roztochchya, Opillya, and on the Khotyn upland.    

The forest clearing is the main anthropogenic stress for this territory. The landscapes of the loess plains with the grey forest soils are highly subjected to the processes of water erosion. The altitude differences; significant amount of precipitation occurred in the form of heavy storms; loess sediments inclined to easy washout, and the availability of the water-resistant interlayers in the grey forest soil profile, promote the development of erosion processes in this area. The forests’ clearing leads to an intensive development of deflation processes in the Male Polissya area where soils of sand and sandy-loam granulometric composition are developed.

The main ecological problems of this zone are considered to be erosion and deflation. As it is seen from the table 3, the level of anthropogenic transformation is higher than moderate. The main anthropogenic factors are wood procurement and agriculture. 

Remediation of Forests Landscapes. Agricultural landscapes serve as a background on the territory of forests. The part of agricultural landscapes has to be renaturalized and included into ecological network that is being formed. A lot of arable lands are referred to degraded landscapes. They are still in use; and this causes negative geoecological and economic consequences. Such agricultural landscapes are worth excluding from the arable lands fund and including into ecological network as remediated territories.  

Agricultural landscapes with soils of light granulometric content (sandy and sandy-loam) are considered as a permanent point of deflation. Their use is economically unpractical as expenses on maintenance of their sufficient fertility do not correspond to obtained profit. In most cases they have to be excluded from the arable lands fund and remediated through reforestation.  If to use these lands as pastures, then it can lead to degradation of vegetation cover. 

Agricultural landscapes with soils of heavy granulometric content (clay loam) are worth allotting as fallow lands or using as meadow grazing lands.

Agricultural landscapes with skeleton soils on eluvium of dense rocks have to be excluded from the arable lands fund and can be used either for pastures or sites for dissemination of natural flora and fauna. 

Agricultural landscapes with eroded soils, outcrops of soil forming and underlying bedrocks have to be also excluded from the arable lands fund and used as meadow grazing lands or allotted for reforestation.

Overwetting and swampy agricultural landscapes with mineral and organogenic swampy soils in most cases have to be naturally renaturalized. It does not require any cost as they are capable to be quickly populated with natural flora and fauna and adapt to surrounding landscapes. Overwetting agricultural landscapes with soddy-podzolic and soddy soils are worth using as natural meadowlands. Agricultural landscapes with swampy organogenic and mineral reclaimed soils can be used as meadowlands.
2.1.3. Landscapes of Forest-Steppe Zone
The total area of the forest-steppe zone is 20 699 thousand hectares or 33.4% of the Ukrainian territory. The farmland occupies 35% of the state land fund, 65% of which is under plow land. The soil cover of the zone is very complex and represented by over 160 mapping units.

The following krais are defined within the territory of the forest-steppe landscape development: Dniester-Dniprovskyj, Livoberezhno-Dniprovskyj, and Skhidno-Ukrainskyj (Eastern-Ukrainian) [1].

Three different landscape zonal types are developed on the territory of the forest-steppe zone. These are the broad-leaved landscapes with grey and dark-grey forest soils formed on upland slopes of the left tributaries of the Dnipro river; the forest-steppe landscapes with podzolized chernozems; the meadow-steppe landscapes with typical chernozems. The meadow and swampy landscapes are sometimes observed in the river basins. 
The relief of this zone and the land forming processes are quite diverse. The orographic components on the west of the Ukrainian forest-steppe are the eastern and south-eastern parts of the Podillya upland, the Prydniprovaska upland and ridges of the Central Russian Upland on the east. In the middle part of the zone big areas are occupied by the Prydniprovska lowland with wide terraces, and the Poltavska plain. Generally, the zone is an uplifted plainland with well-developed erosional landforms. The Right-Bank Forest-Steppe has wavy water-erosional forms of relief. Such a relief is typical for the old plateau territories with well developed streams patterns. The valleys are deep, wide, and long but not too branching. Stream patterns are dense. The watersheds between the valleys are elevated, wide, with well-expressed plateaus, the area of which is approximately equal to that of the slopes. The slopes are well expressed morphologically, mostly level, not too steep, but with increasing steepness near the valleys.

The formation of the main structural features depends basically on the erosion-accumulative morphological sculpture. The processes of areal and deep erosion, landslide, subsidence, karst development are of important value for the land form formation. In Donetsk region, near the town of Severodonetsk, on the high right bank of the Siversky Donets river, there is an area of dense network of gullies and ravines, veritable Ukrainian badland. In the Western Forest-Steppe zone, the land surface is somewhat wavy and occasionally with ridges, typical for characteristic of the elevated areas of ancient plateaus and the bands near the river banks. The stream pattern here is very dense with numerous narrow watersheds. The area of sloping land is greater than that of the plateaus. All forms of water erosion are evident here: sheet erosion, rill erosion, gully erosion, stream bank erosion, and sediment deposition.

The climate conditions influence the functioning, dynamics and stability of the forest-steppe landscapes. The consequences of this influence are noticeable when to compare the western-eastern and the northern-southern parts of the forest-steppe landscape. The temperature distribution is connected with the circulation of air masses and radiation conditions.  The average duration of the frost-free period lasts for 135-140 days.  
The average precipitation rate is 575-550 mm per year on the west; it decreases in the central part of the zone to 500 mm, and on the east – to 475 mm. The humidity factor changes from 2,0 on the north to 1,4-1,2 on the south.  
The significant contrasts are observed in the heat and humidity supply, wind activity etc. These contrasts are conditioned by characteristic alteration of uplands, lowlands and valley landscapes, forest and arable lands. Unstable humidity, sequence of wet and dry years, duration of rain-free period (can reach as many as 50-60 years) greatly complicates the development of economy activity.
The structure of the lithologic base and relief, humidity conditions determined the great density of the river and ravine network and its significant degree of drainage. These territories belong to the basins of the Dniester, Pivdennyj Bug, Dnipro and Don rivers. The highest density of the river network is in the Dniester basin (0,24 km/km2) and on the Prydniprovska upland (0,2 km/km2).  On the left banks, in the Dniester and the Severskij Donets tributaries basins, the river network density is made up 0,15 km/km2.
The lowland landscapes are poorly drained; characterized by low level migration of chemical elements and compounds, by marked accumulation of salts. Here the processes of water logging are often observed, especially in the old river valleys because of near surface groundwater occurrence. But in general the swampy areas are not widespread on the territory of the forest-steppe landscapes; they occupy just 1,6% of the whole area. The water logging processes are developed in the stripe of impoundment of the Kremenchug and Kaniv water reservoirs.  The swamps of the forest-steppe zones are mostly deep; the average depth is 2,5 m whereas swamps of the Ukrainian Polissya are usually of 1,5-1,9 m depth.       
The loess and loess-like loams are the dominant parent materials of soils. Loess is Ukraine is a parent material of soils occupying 74,8% of the country’s area. Sand and silt loams are the most abundant, but to the south and east the texture of the loess becomes finer and loamy clays. These parent materials are rich in CaCO3, suitable for accumulation of humus and formation of grainy agronomically valuable soil structure. Being an ideal parent material, loess and soils formed on it are susceptible to water and wind erosion. The coarse silt fraction (0.01-0.05 mm in size), which amounts to over 50% of the weight of loess, is to a great extent responsible for the development of gullies. On the right bank of the Dnipro gully erosion sometimes makes quite an ominous spectacle to observe.

The soil cover here is mosaic-like. It is composed of typical and podzolized chernozems, dark-grey, clearly-grey forest soils with different degree of podzol, carbonate, and salt content; and also of chernozem and dark-grey regraded, meadow-chernozem soils. Chernozems are formed on the even lands of the central and southern parts of the Ptydniprovska upland. 

Typical chernozems with low humus content are developed in the northern part of the territory. Chernozems with higher humus content are spread to the south. Deep chernozems with low humus content are also developed on the Prydniprovska lowland. Deep leached chernozems with gleyey sings are developed in numerous depressions formed as a result of erosive leakage. Podzolized chernozems and dark-grey forest soils were formed as a result of change of podzol content in the process of the forest vegetation widespread on the steppe lands.  

The grey and clearly-grey soils are widespread on the elevated parts of the Prydniprovska upland. These soils are confined to the oldest forest massifs. On the left banks they occur on the highest dissected landscapes of the rivers Psel and Vorksla and also with suburbs of the city of Kharkiv.  The light grey and grey forest soils are generally good for crop production. With proper organization of fields, optimal tillage systems, good fertilizing, chemical amendments, plant protection, and crop rotations the soils are moderately favorable for the production of winter wheat, rye, spring small grain crops (barley, buckwheat, millet), corn for grain and silage, sugar beet, potatoes, clover, alfalfa, etc. They are also favorable for the production of fruits and berries. Low humus content, high acidity, not sufficient content of available nutrients, physical properties (with an opportunites) for improvement, erosion hazard, and unstable water regime - all these factors deternine the set of practices for soil improvement.     

Regraded chernozems and dark-grey forest soils are developed in the central and southern parts of the territory. They were formed as a result of a secondary invasion of the steppe on the forest massifs. Forest clearing and high evaporation from the soil surface favoured to the process of such soils formation. 
The meadow-chernozem soils were formed in the wide lowlands on the old Dniepro terraces on the background of typical chernozems with low humus content. These meadow-chernozem soils are salinized with soda salt in the northern parts and with soda and sulphate salts – on the south. Solonetz-like chornozems with spots of soda and soda-sulphate solonchaks are developed in the northern and southern parts. 

Typical and leached chernozems occupy large level areas and gentle slopes. Such soils are good for small grain, forage, and vegetable crops, as well as for the production of fruits and berries. They do not require serious amendment, but the practices of soil and water conservation and economic use are important. Farming on the contours is a necessity even for such soils. Leached chernozems as well as deeply effervescent typical chernozems, especially with low humus content may need a regular application of low rates of lime. Over liming may cause the binding of available phosphorus, zinc, and other nutrients in insoluble forms. Solodized soils in depressions may need additional liming as well as slitting the soil with disks in the way of tillage.

Some depressions with stagnant water on the surface (puddling) should not be used for planting of winter and spring small grain crops and for orchards. Row crops should not be grown on the sloping lands over 3 degrees. To make farming more biological it is worthwhile applying nitrogen fixation and phosphorus-mobilizing preparations.

Without restriction of tillage operations which should be timely and effective, as well as without perennial grasses in crop rotations, it is impossible to impede the processes of soil structure pulverization and resulting compaction. Non-plow tillage operations with mulching are effective in increasing earthworm populations and improving soil tilth. 
The swampy soils are represented by peat-swampy types, sometimes – by peat lands and developed in the river valleys and big ravines. On the Dniepro terraces they are often salinized with soda, less frequently – with sulphates. On the southern part of the Dniepro terrace lowland the swampy soils are represented by silty-swampy types. In dry periods the thick eluvial layer of solod can be recognized under the silty-swampy soils. This fact and also the availability of secondary salinized grey and dark-grey forest soils testify about the recent increase of the underground water level.          
The soddy, gleyey and gley soils are developed together with swampy soils in the river valleys. They are used for haying and grazing, for seeding grass. Meadow gleyey soils are observed on the floodplains in their central low parts. They are used for vegetable gardening and for haying.
 The formations of broad-leaved, coniferous-broad-leaved, and pine forests, meadow steppes and steppe meadows, and also floodplain meadows and swamps are dominated in vegetation cover. For the historical time the percentage of forest lands here decreased from 50 to 11%. The most forest-covered areas are left in the western part of the territory on the Prydniprovska and Central Russian uplands. On the left banks the most forest-covered areas are developed in the river Vorksla basin (7,5-10%). The most widespread are the following tree-types: oak (43% of the forest-covered area), pine (23%), hornbeam (10%), beech (5%), alder (3,3%), birch (2,6%). 
The oak-hornbeam forests are predominant on the Prydniprovska upland. They are developed higher than the oak ones. These forests become less spread to the east from the Dniepro river and behind the line Ichnya-Lubny-Dukanka they gradually disappear. The oak, lime-oak, ash-oak forests are dominated on the Poltava plain and on the prongs of the Central Russian Upland where the climate is more continental. One of the biggest oak-forest massifs is preserved in Kirovograd oblast – the Black (Chornyj) Forest. 
The pine and broad-leaved pine forests are developed on the sandy terraces of the river Dniepro and its tributaries. Small areas of such forests are observed on the peat swamps, on the chalk rocks and granite base in the river valleys of the middle part of the forest-steppe. Pine forests are not diverse by their vegetation composition. Some kinds of pine are developed. The shrub layer here is absent. Lichens are inhabited on the terraneous layer of the dry pine forests; heather is often grown in the humid pine forests; bilberry – in the wet ones. One of the biggest pine-forest massifs is known to be the Cherkasy Forest. 
The meadow steppes and the steppe meadows are preserved in their natural forms on the Mykhailivska reserve virgin area, which is a branch of the Ukrainian state reserve. From the true steppes the meadow steppes and the steppe meadows are differed with fewer amounts of ephemeroids and shrubs.
The meadow and swampy vegetation is developed in the river valleys. In the river Dniepro valley the natural meadows are significantly flooded with the Kremenchug and Kaniv water reservoirs. Depending on the relief and water regimes the dry, humid and swampy meadows are defined in the floodplains. 
The dry meadows are developed on the elevated relief elements near floodplain riverbeds. They are covered with water for a very short period. That is why the steppe elements predominate in their grass stand: brome, yarrow etc. The grass stand of the humid meadows consists of feed graminoids and leguminous plants. The swampy meadows were created near former riverbeds and along the flooded coastal lines of water reservoirs. The halophytic meadows are developed on the Prydniprovska lowland. They are used as grazing and haying lands.  

The swampy vegetation is developed on the Prydniprovska lowland and in the valleys of rivers Trubezh, Udai, Sula, Psol. In the left bank part of the forest-steppe the area of swampy lands is made up more than 3%, but in the right one – less 1%.  The sedge, sedge-rush, and rush swamps are predominant.  

On the background of the forest-steppe landscapes that are extended from the west to the east, there is also a differentiation from the north to the south. And so the northern forest-steppe and the southern forest-steppe landscapes are also defined. The northern forest-steppe landscapes are more moistened. The southern forest-steppe landscapes differ with the negative moisture balance. The southern forest-steppe landscapes with average humus content chernozems ans solonized chernozems were formed on the middle loess-like loamy soils of the lowland poorly drained plains. The processes of leaching are developed in the northern forest-steppe landscapes. The loess light loamy and sandy rocks developed here, favored the processes of soil leaching.

The northern Prypoliccya landscapes are characterized by close location of the soil waters to the surface. The processes of soils salinization are especially intensive. Soda solonchaks and solonetz are altered with swampy bottoms of old valleys. In the southern forest-steppe landscapes the soil waters are located deeper from the surface. The climate is getting drier to the south; and this fact conditions the increase of sulphate - chloride salinization to the south. 

Degradation of forest-steppe landscapes. The virgin forests and meadow steppes are almost not saved here. The percentage of forest lands is made up 12,5%. The arable lands occupy 70-80% of agricultural lands. The forest-steppe landscapes developed on the loess-like rocks are easily subjected to washing out by rain and melted snow. That is why gullies and ravines are widespread here, especially on the elevated and steep rivers slopes.  

A considerable economy development here proves the necessity of anti-erosion, reclamation, agro technical, hydro technical measures on balanced use and optimization of landscapes corresponding to their regional peculiarities.  

Industrial impact on the landscapes is of local character but very intensive and tends to enlargement. The total area of industrially impacted landscapes is 800 thous. ha, including open pits – more than 122 thous. ha, dumps and terricones – 38,6 thous. ha, industrial sites – 77,3 thous. ha.    

In general, the level of anthropogenic transformation is significant or higher than significant. The landscape complexes degraded as a result of industrial and agricultural activities are of high priority to be paid attention to. 

The intensive economy activity of the forest-steppe zone testifies about a recognized need in anti-erosion, irrigative, agro-technical, hydro-technical engineering measures to optimize the landscapes use in accordance with their regional peculiarities.  

2.2.4. Landscapes of Steppe Zone
The entire steppe zone occupies an area of 25 million hectares (40% of the total area of Ukraine). It is subdivided into two subzones: the chernozemic steppe and the arid steppe [2]. The chernozemic steppe exceeds 20 million hectares and the arid steppe reaches 4,7 million hectares.  Its length from the south-west to the north-east reaches 1100 kilometers and from the north to the south – up to 500 kilometers. 
 The steppe occupies 45% of Ukrainian plow land territory. Slope lands (on the slopes exceeding 1° in steepness) occupy 47.4% of farmland. Eroded lands exceed 38% of the total area, which is 11 mln hectares, including 5 mln hectares of land which suffered from severe wind erosion.
The relief of the steppe zone is characterized by the availability of ridges of the Central Moldova, Podilska and Prydniprovska Uplands on the northern west and on the north; on the east – the ridges of the Central Russian Upland dissected by the river valleys, deep ravines. On the south huge space is occupied by the Prychornomorska, Pivnichno-Crymska and Pryazovska Lowland. The southern part of the Prydniprovska lowland is included into the steppe zone. The Donetska and Pryazovska uplands are defined on the east of the steppe zone. In the river valleys and ravines the Neogene sands, clays, sandstones, limestones are outcropped. Their thickness reaches up 200 m on the Prychornomorska lowland. The Quaternary deposits are developed through all over. Their average thickness is made up 10-25 m. These deposits are considered to be an important landscape forming factor. The loess rocks are widespread with the exception of the young river terraces and sites with active denudation processes. These rocks influence into the steppe landscape characteristics. The loess itself has different genetic peculiar features conditioned by its initial substrate and soil forming processes.

An average January temperature changes from -7,6 0C on the north to -2 0C on the south. An average July temperature changes, correspondently, from +20 0C to +24 0C.  The frost-less period lasts for 160-220 days. The annual precipitation rate reaches from 450 mm on the north to 350 mm on the south. In the Prysivashya area, on the Karkinitska Bay shore line the precipitation rate is the lowest and equals 300 mm per year. Up to 60-70% of precipitations fall in warm period.

The high rate of evaporation is a characteristic feature of the steppe zone. The evaporation rate reaches 700-880 mm per year on the north and 900-1000 mm per year on the south. The humidity factor changes from 1,2 to 0,8. The moisture deficit influences current physical and geographical processes, hydrographical network formation. The hydrographical network is weakly developed in the steppe zone: its average dense equals 0,08-0,005 km2/km2. The runoff is formed at the expense of snow waters that contribute 70-80% of the annual runoff. 

In the summer period the atmospheric precipitations are spent for evaporation. A short-term and high spring flood and low summer water are characteristic for the steppe rivers regime. The level increase is possible in the summer heavy shower period. The big rivers of the steppe zone (Dnipro, Pivdennyj Bug) do not have many tributaries here with the exception of those that drain the Central Russian, Donetska and Pryazovska uplands and fed by underground waters.  Atmospheric precipitations do not play a significant role in the process of underground water formation. Better conditions for that are available in the northern sub-zone on low drained plains. Underground waters here are under lied at a depth from 5 to 20 m. The river and soil waters are heavily mineralized in the steppe. The mineralization changes from 1-5 to 10-50 g/l. The salinization is predominantly sulphate, and on the southern part of the Prychornomorska lowland – chloride. There are no many swamps here. The biggest swamps are the Kardashinske swamp among the Oleshkivski sands, swamps within the lowlands of the Dnipro, Dniester, and Danub rivers.

The predominance of loess parent material, the relatively plain relief favoured to the formation of more uniform soils cover that the one in the forest-steppe zone. In the northern subzone the chernozems with average humus content are prevailed. The chenozems with low humus content are spread to the south from the stripe of the average humus-content soils. The southern chernozems were formed on the south of the Prychornomorska lowland. The dark-chestnut and chestnut solonetz-like soils together with solonetz are developed on the very south of the Prychornomorska lowland, in the Prysivashya area. The steppe soils have a high natural fertility. At the same time the processes of the secondary soil salinization have been developing when solonetz is again transformed into solonchak. The reason of this process is considered to be an epeirogenesis (the shore lower down) and uprising of salinized soil waters on the arable lands.    

The soil cover of the northern and the central steppe is genetically homogeneous. There are 69 soil species, but ordinary chernozems with low or moderate SOM content are most widespread. The southern steppe is the region of southern and micelliary carbonatic chernozems, among which sodic or sodicity-affected chernozems may be found. The soil diversity in the southern steppe is made up of 84 soil species, among which there are many eroded or xeromorphic soils with shortened profiles. 
The soil cover in the arid steppe zone is very complex, characterized by the presence in the soil complexes of mapping units with different extent of sodicity and salinity accompanied by different extent of soil hydromorphicity. Many researches explain this phenomenon by the complexity of micro land forms and hydrologic conditions.
The annual loss of SOM from a hectare of plow land in the steppe zone of Ukraine is now 0.4-0.5 mt. To avoid this loss it is necessary to apply additional farm manure in rates of 6-8 mt per hectare, of a crop rotation per year, whereas the total rate of FM per hectare of a crop rotation per year should be 8-10 mt. Soil humus allows to protect soil tilth from rapid ruination. 

The irrigation in the steppe zone is a necessity, but it must be strictly regulated and accompanied by attentive and timely soil monitoring to prevent soil degradations related to irrigation, like the growth of salinity and sodicity, irrigation erosion, as well as soil pollution, water logging and swamping. Irrigation water quality criteria should be derived from the characteristics of both, water and soil, forming a single system on irrigated lands. Besides, winter wheat, corn, barley, vineyards, and orchards plants, the steppe chernozems (ordinary) are used for the production of sugar beet.   
Agronomic practice for soil improvement. Soil moisture is the main limiting factor of soil productivity in the steppe zone. All agronomic practices aimed at water harvesting, conservation and economical use and the practices of irrigation, wherever it is feasible, are of paramount importance. Summer fallow may be effective on the ordinary and the southern chernozems. Such practice allows accumulating sufficient amounts of water for high and stable yields of crops compared with nonfallow preceding fields.

Periodic droughts in the steppe zone come 2 to 6 times in a decade. To combat droughts, the surface runoff must be turned into a subsoil one. The contour organization of farmland areas is a necessity in the zone. Much is being said about it but the transition to the contour farming has not been made to this day. The fields remain rectangular. Contour direction of tillage practices, shelterbelts, terraces, diversions, etc. will help to conserve water and soil, curb erosion and sedimentation. Row crops should not be allowed on the slopes over 3°, and land areas on the slopes over 5° should be turned into grasslands or used for the purposes of afforestation.

The restricted tillage up to the zero one, still seems rather hazardous to many Ukrainian farmers. More research is needed in this sphere. The non-plow tillage operations leaving residues on the soil surface are an effective prevention of dust storms and less severe forms of wind erosion. 

The dark chestnut sodicity-affected soils occupy an area of 1,207 thousand hectares of which 1,089 thousand hectares are a plow land. The chestnut soils occupy an area of 219 thousand hectares of which 151 thousand hectares are a plow land. There are also the meadow-chestnut sodicity-affected soils, the total area of which reaches 62 thousand hectares including 49 thousand hectares of a plow land. Characteristic depressions (pods) occupy 10.8 thousand hectares. The soils in pods are mainly the meadow-chestnut gleyed from the surface or just gleyed, among which solodized soils (gleysolods) are found. Many soils are eroded. Solonchaks, solonetzes and solods are found too. 

The main reasons of the low productivity of dark chestnut and chestnut soils are: shortage of water, drought climate, physical and chemical sodicity, salinity, alkaline soil reaction, erosion, low humus content, physical properties of poor quality, and in some areas – soil stoniness. The depth of plow layer and the presence of plow toe limit the productivity of chestnut soils. There is a need to periodically involve the transition horizon into a plow layer. The negative consequences may be the growth of sodicity and salinity in the layer. Numerous agricultural crops are cultivated in the arid steppe zone: winter and spring wheat, corn for grain, rice, barley, millet, soybeans, sunflowers, watermelons, melons, fruits, and grapes. 
Agronomic practice for soil improvement. In the areas with high wind erosion hazard, on the windward slopes, soil-conservation tillage and special crop rotations are a must. The barriers of tall-grown crops (corn, sunflowers) are a good addition to windbreaks in the soil protection from blow-out. The rows of plants should be arranged across the direction of the wind. The contour strip cropping is effective in the water erosion control. To deal with the soil sodicity, a regular application of gypsum 
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 should be within the rates of 2-3 mt/ha. The chestnut and very sodicity-affected soils in mosaics with sodic and very saline areas should be used for pastures with regulated grazing.
The steppe natural vegetation is remained in the reserves: Ukrainian steppe, Luganskkyj, Ascaniya Nova, Chornomorskij, Danub overflow lands. The forest, meadow, and swampy vegetation types are also available in the steppe zone. An average percentage of forest lands in the steppe zone is made up only 3%. The forest lands are covered with oak plantations (39% from the total forest covered area), pine (33%), ash tree (6%) and other tree type. The steppe flora is different from the motley grass of the forest-steppe zone. The perennial xerophilous graminoids are predominant, and the motley grass is of secondary value. In the steppe phytocoenose mainly ephemer and ephemeroid are developed. 
Degradation of steppe landscapes. The agricultural lands occupy around 80% of the steppe territory. Anthropogenic impact on the steppe landscapes connected with husbandry is the greatest one. 

The steppe landscape is threatened by fragmentation of  abitats, agricultural pressure and infrastructure development and is subject to the conflicting interests of environmental preservation and agricultural and forestry activities.
The dense network of irrigation systems covers the great steppe spaces, especially in the southern part. The natural steppe landscapes are left in the steppe reserves and on the gullies and ravines slopes that are not suitable for framing. However these slopes are used for grazing and that is why also degraded and suffer from the rain and wind erosion. The Ukrainian steppes are the areas for the wheat crop, vegetable growing; viticulture and livestock farming development. Because of lack of water on the arable lands the irrigation development is widespread. The large irrigation systems are Kakhovska, Inguletska, Krasnoznamenska, Pivnichno-Krymskij canal, etc. The mining industry is also highly developed in the steppe zone and contributes to landscapes transformation (see detailed description in chapter 2.3.3). 

So, the territory of the steppe zone is highly degraded as concerning the depth of transformation, as well as concerning widespread of disturbed areas and the level of anthropogenic transformation is highly significant. The main problems are degradation of arable lands because of water and wind erosion and due to high mineralization (salinization) caused by intensive irrigation. Moreover the main objects of mining and heavy industries are also located in the steppe zones and cause considerable local degraded impact into landscape complexes. At last, power water reservoirs of the Dniprovskij cascade (Khahovka, Zaporizzya and Kremenchug reservoirs) favor degradation of the coastal landscapes through impoundment.

2.2.5. Landscapes of Ukrainian Carpathians
The Ukrainian eastern Carpathian mountains are located in the south-western part of the country, stretching out to over 200 kilometers in length and about 100 kilometers in width. Their area exceeds 30 thousand square kilometers. According to A.M. Turenko (1980), the Carpathian Mountain Province is an integrated landform system (Fig. 2.2), including as its integral parts, the mountain ranges, The Transcarpathian lowland, and the Carpathian plain land.
 The area of the Ukrainian Carpathians is known for its specific land forms and clearly distinguished vertical zonality of climate, vegetation, and soils.
The Carpathians parent materials are mainly represented by the products of weathering of solid sedimentary, igneous, and metamorphic rocks. Sandstones and slates formed the so-called Carpathian “flisch”, are the most widespread parent materials. In the southern part of the province, the soils develop in the cortex of weathering of andesine, basalts, and other volcanic rocks redeposited in the form of alluvium and diluvium, rich in rubble and stones, the amount of which increases with elevation. Alluvial and deluvial deposits cover sandstones, slates, marls, and other solid rocks.
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Fig 2.2. Schematic Transsection across the Ukrainian Carpathians (according to A.M. Turenko [3]) 


Non-calcareous loess-like deluvial sediments dominate in the Subcarpathian part of the province. Alluvial loams, underlain by sands and pebbles are widespread on young terraces of river valleys. The recent deposits of sands, loamy sands, and loams, underlain by the layers of pebbles, are very common on the floodplains of river valleys. Transcarpathian soils were formed in eluvial and deluvial sediments of heavy texture (clay loams), free from stones and rubble, and in alluvial deposits and loams covering sands and pebbles. 

Climate of the Carpathian Mountains is formed under the influence of the Atlantic and the continental air masses. It is characterized by high humidity coefficients, exceeding unity, and well defined specific features depending on the absolute altitude and direction of the mountain range. The south-western slope and the Transcarpathian lowland are to a greater extent subjected to the impact of warm and humid Atlantic air masses than the north-eastern slope and the Sub-Carpathian territory being under the influence of East-European and Asian continental. In general, the climate in the Carpathians is humid or excessively humid. 

Changes in climate, depending on the altitude, are the main reason for the vertical zonality of vegetation. Broad-leaved forests consisting of oak, beech, and hornbeam with an admixture of spruce are common on the foothill plains in the Subcarpathians. Low mountain areas are occupied with the mixed deciduous forests of oak, hornbeam, and beech, whereas moderately high mountains are mainly covered with mixed forests rich in spruce. On the high-perched meadows called poloninas in Ukrainian, meadow grasses are the most common vegetation, but occasionally one can come across the undergrowth of bushes, and thinned-out alder and pine forests with stunted and deformed trees. On the Transcarpathian foothills, oak forests dominate, with hornbeam coppices occupying some elevated hills.
Vertical changes in climate, vegetation, parent materials, and topography in the Carpathian Mountains caused the changes in soil formation. The brown forest soil formation proved most widespread and intensive here. The development of such process acquires most typical features under the canopy of forest vegetation on the slopes less than 20 degrees in steepness. Such conditions complemented by the subsoil runoff of water favor the formation of aluminum iron-humus complexes which, moving in the soil along the sloping subsurface horizons, accumulate mainly in the surface horizons of a soil profile. The lateral type of migration of the dissolved and suspended material creates an infiltrative transit of organic compounds, iron, and finely dispersed particles in the soil profile.
High mountain areas, covered with meadow grasses and shrubs over the upper boundary of forests, are called the mountain meadows (poloninas).  They occupy the tops and slopes of the highest Carpathian mountains (Goverla, Pip Ivan, Petros, Smotrych, Syvula, etc.) in the geomorphologic systems of Chornogory, Svidovetz, Gorgany, and Chivchyny, at the altitudes within 1650-2061 m. The lower boundary of the meadows is rather wavy and, depending on the character of land forms, it may occasionally descend to the altitude of 1200 m.

By the character of vegetation, the mountain meadows zone is divided into three subzones: upper, middle, and lower. The upper subzone occupies the highest level of the Chornogory mountain area (mountains Goverla, Pip Ivan, Petros, Smotrych, Dzembronya, etc) at the altitudes over 1800 m. Some shrub vegetation dominates here, as well as berry species (blackberries and blueberries). There are numerous mosses and lichens. The annual precipitation exceeds 1000 mm. Air temperature is low (8-12°C in July) and the period of plants growth and development does not exceed 90 days. Such conditions are conducive to the formation of peat layers. The middle subzone is situated within the belt of absolute altitudes of 1850-1750 m, with a part of the subzone descending tongue-like to 1400-1000 m, to the upper boundary of forests. Some cereal grass species dominate here, as well as sedges and reeds. There are numerous mosses and lichens. The pine trees of 2-3 m height with curved trunks are observed on eroded stony slopes. By climatic parameters, the moderate subzone is warmer than the upper, and to a greater extent sheltered from severe winds. The grass cover is better developed here. The lower subzone borders directly with the forest zone at altitudes over 1600 m. It forms a narrow broken belt of shrubs and a scanty forest composed mostly of firs. In numerous places, this belt is broken by the tongues of meadow grass lands, which cover sleep slopes and nearly vertical banks of the mountain streams. 
The brown forest soils occur in low, moderate (medium), and high mountain zones. Dark brown soils were formed in the subzone of acidulous (fir) forests, at the altitudes of 1250-1650 m. The surface soil contains 8-20% of crude humus. Fulvic acids dominate over humic ones. 

The brown forest soils were formed in the subzone of mixed (beech-fir) forests at the altitudes within 600-120 m. SOM content in the surface horizon is within the range of 4-8%. The light brown forest soils are adhering to the mixed forests of the low mountain subzone composed of oak, beech, and hornbeam. Their organic matter is of mull variety which means mild. SOM content seldom exceeds 4%.  Iron oxides are dominated in the mineral part of the dark brown soils, whereas 
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is prevailed in the light brown soils. These soils are very productive for the forests. Where the climatic conditions allow it, the soils may be used for orchards and vineyards. Only small areas are under field crops. A bit of liming could do some good for the soils improvement.  Usually the rate of lime is low and its application - frequent. 
The brown gley-podzolic soils occur on foothill plain lands of the Transcarpathian and Subcarpathian territories, as well as in the hollows between the mountains at the absolute altitudes of 125-400 m. The soils are formed in non-carbonate loess-like deluvium under mixed (mainly oak-beech) forests on hilly topography.  Sufficient drainage on high-level ancient terraces favors an active transfer of substances in a soil profile. But the soil receives a large amount of clastic material from the surrounding mountains containing the same substances as brown forest soils. The conditions of stable anaerobiosis (lack of oxygen) prevail in the soil formation. Gleization (intensive reduction) and material transfer in a soil profile take place under the influence of brown soil formation. The morphologic features of a soil profile reflect the character of material migration (percolation, leaching, and other forms of materials transfer) depending on landforms features. These soils are of low productivity. The practices of their improvement should be directed towards better drainage, liming, and, subsequently, proper fertilizing with both organic manure and mineral fertilizers. The soil pH is within 3.9 and 4.4. Phosphorite meal may prove effective on such soils. Without drainage, it is impossible to obtain the yields of grain over 1 mt per hectare. The soils may be good for the production of certain medicinal herbs. 

2.2.6. Landscapes of Crimean Mountains
The Crimean Mountains occupy the southern part of the peninsula. They are composed of three parallel mountain ridges, each 40-50 kilometers wide and two valleys between the ranges the width of which varies from 2-3 to 15-20 kilometers. The valleys were subjected to the impact of erosion processes (Fig. 2.3). 
The height of the ridges lowers from the south to the north. The main (southern) ridge in some places may reach 1540 m above the sea level. The middle ridge may reach 540-550 m in height and the   external   (northern)  one  is  only  of  120-350 m   height. The 
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Fig. 2.3. Schematic Transsection across the Crimean Mountains
(according to M.A. Kochkin [2])
northern slopes of the ridges are gentle, gradually descending to the north, whereas the southern slopes are rather steep and abrupt. Flat mountain tops (yaylas) are characterized by the development of the network of broad and deep ravines and gullies. There also are the hills and rocky knolls with crevices and karst funnels, as well as underground wells and streams. Through the crevices and fissures, the snowmelt and rain waters reach the depth of the limestone sediments. The foothill territory is furrowed by river valleys, and other lines of stream pattern, including gullies. 
Climate conditions differ in a wide range of characteristics depending on altitudes above the sea level, the slope aspect and steepness, as well as the amount of heat reaching the surface, the temperature of the Black Sea water, and that of the air over the peninsula steppes. The climate changes very much, depending on the absolute altitude of a location. Every 100 meters upward the air temperature reduces by 0.5-0.6 °C. On the tops of the main mountain ridge at 1250-1450 meters above the sea level, the air temperatures are 7-9 °C lower compared with foothill areas. The amount of precipitation increases with altitude. Mean annual precipitation is of 460-550 mm at the altitude of 250-300 m above the sea level, whereas on the tops of the mountains (yaylas) it fluctuates within 900-1250 mm.

The climate changing with the altitude is one of the reasons for the existence of vertical zonality, which is evident from the character of vegetation. On the foothills, the areas with needle grass and variegated associations of steppe grass are bordering with the patches of low-growing forests and shrubs. On the southern and northern slopes of the main mountain ridge, trees dominate over other types of vegetation. The oak forests prevail here, which together with mixed forests dominate at the altitudes of 850-1400 m above the sea level. The flat tops of the mountains (yaylas) are covered by the meadow and meadow-steppe grasses.    

The southern coast vegetation is of the Mediterranean character. It is represented by the low-growing mixed forests and shrubs. Occasionally, some oak and juniper forests grow too. Among the conifers, the sudak and the Crimean pines could be met. Numerous species of ornamental plants make this part of the Crimea as a veritable garden of Eden. Vertical changes in climate and vegetation lead to the changes in the character of soil formation. Different soil types are formed in different altitudinal belts, or vertical zones.

Local geology and the character of parent materials also greatly modify the soil cover. The most widely occurring parent materials are eluvium and deluvium of various solid rocks, stony talus, and clastic proluvial deposits. Pebbles, mixed with loams and eluvium-deluvium sediments, are widespread in the river valleys. Loess-like loams and clays are encountered on foothill areas and within the external ridge of the Crimean Mountains.
The soddy-carbonate mountain forest-steppe soils are widespread in the forest-steppe zone of the foothill area. Considerable areas of these soils are located on the slopes of internal and, to a lesser extent, of the main and external mountain ridges up to 400-450 m above the sea level. These low-mountain soils were formed under the steppe grasses and the associations of trees and shrubs in eluvium-deluvium of solid chalk-marls and limestones of neogenic and paleogenic age. The soils have shallow and stony profiles, 40-60 cm depth. The horizon of OM accumulation (Hk) contains 2-6% of SOM with cloddy aggregation. The carbonate content may reach 30%, and the soil reaction is slightly alkaline (pH is 7.3-8.0).

The grey mountain forest-steppe soils of the vertical forest-steppe zone occupy a band-like area from 350 to 600-900 m above the sea level mainly on the southern and south-western slopes. Vegetation species are represented by trees, shrubs, and grasses. Dominant parent materials are represented by eluvium and deluvium of paleogenic limestones, shales, and slates and their weathering and transportation products. A characteristic feature of soils is their grey (or dark grey) color in the surface horizon of OM accumulation. This horizon is of a friable prismatic structure and illuvial character, enriched with clay and colloidal matter.   The grey forest soils were formed on limy materials evident by effervescence from the depth of 35-55 cm. The depth of soil profile typically is within 60-100 cm. By texture, the soils are clays or clay loams. They contain from 3 to 5 % of SOM. The soil reaction is slightly acid or close to neutral 
(pH is 6-7). 
The meadow mountain chernozem-like soils occur on flat mountain tops (yaylas) free from forests and partly on the slopes of the main mountain ridge, 600 m above the sea level. The soils were formed in increased humidity and decreased amount of heat, under the meadow and meadow-steppe grasses, in the products of weathering of limestones, conglomerates, and sandstones or, occasionally in the consolidated clay of karst funnels. On elevated level yayla areas, the soil profile is 30-55 cm thick, the surface horizon of SOM accumulation is of 8-20 cm. By texture, the soils are mostly clay loams. They show effervescence with dilute HCl from the surface or the depth of 10-15 cm. On areas, sloping to the north, and on low patches, the soils are leached from carbonates. SOM content is within 2-8%. Skeletal particles occupy 30-40% of the area of soil horizons. Their content increases downward. The soils formed on the eluvium of limestone are calcareous, whereas those in conglomerate and sandstone eluvium are noncalcareous, and those formed on clayey deluvium of limestones, are mostly leached from carbonates. 
The brown forest soils are widespread in the forest mountain zone of the main and internal mountain ridges at the altitude above 300 m on the northern slopes and over 400-600 m on the southern slopes and the upper boundary within 900-1200 m above the sea level. The annual precipitation fluctuates within 550-1,150 mm. The brown forest soils of the Crimea were formed mainly on the eluvium and deluvium of limestones, shales, slates, sandstones, conglomerates, and, occasionally, hard crystalline rocks. The intensity of soil formation depends on the parent materials and forest types. It reaches its acme in noncarbonated parent materials under beech, hornbeam, and beech-hornbeam forests, whereas pine forests are less conducive to its development.

Sufficient humidity and long warm period cause a rapid disintegration and decomposition of primary minerals, as well as the synthesis of secondary ones under periodic reduction conditions. The accumulation of secondary minerals in a soil profile is accompanied by transition of soluble materials via percolation and the lateral flow of moisture in the soil. Soluble products of soil formation, including carbonates and clay particles, are thus washed off the upper portion of the profile. Rapid mineralization of organic residues and humus substances are in the way of soil humus accumulation. An increased amount (4-6%) of SOM could be met only in the upper part of the surface horizon, right under the forest litter. SOM content rapidly decreases with depth. Soil humus is of fulvatic type all over the profile.

The entire area of cinnamonic soils of the dry forests and shrubberies is only about 42 thousand hectares including 7.2 thousand hectares of plow lands. The soils occur on the southern slopes of the main ridge at the altitude of 350-500 m above the sea level. These areas are the subtropics of Ukraine. The soils are mostly brownish-red. The climate is of the Mediterranean type with droughty summer and mild wet winter. The annual precipitation is within a wide range of 300-565 mm. The subtropical vegetation is similar to that of the Southern Europe: evergreen shrubs and trees, such as myrtle, oleander, evergreen oak. The forests are thin but biodiverse with maple, beech, chestnut, and walnut. Cinnamonic and red-cinnamonic soils are used for vineyards, tobacco plantations and other subtropical crop production. Forest protection and soil erosion control are the basic prerequisites of soil management.

Degradation of mountainous landscapes. Arable lands of mountainous areas are characterized by favorable conditions. The percentage of tilled lands is within 25%. Animal husbandry is a traditional type of agricultural activity and its influence into natural complexes is considered as insignificant one. Open-pit extraction of construction materials – gravel, bricks, sand, and clay – is not crucial and can create local impact.

Considerable ecological problems occurred in case of emergencies (floods, mud flows, rockslides) are connected with forestry, notably improper approach to wood procurement. In Carpathians such activity used to have catastrophic consequences for natural complexes and population.
     Questions & Assignments
    1. What are the main soil types characteristic for the mixed forest landscapes? 

    2. What are the characteristic features of the mixed forest degraded landscapes? Broad-leaved forest degraded landscapes?
    3. How can the forest landscapes be remediated?

    4. What are the peculiar features of the forest-steppe landscapes (the relief, orographic components, parent materials, typical soils)?

    5. What are the characteristic features of the forest-steppe degraded landscapes? 

    6. Characterize the hydrographic netwoek of the steppe zone.

    7. Analyze the agronomic practice for soil improvement in the steppe zone.

    8. What are the peculiar features of the mountainous landscapes degradation?

2.3. Natural-Anthropogenic Landscapes
The main topics of the theme

    1.  The Concept of Natural-Anthropogenic Landscapes.

2. Dominant, Subdominant and Unique Natural Complexes.

3. Taxonomy Units of Anthropogenic landscapes.

4. Characteristics of Anthropogenic Landscapes according to

F.Milkov Classification. 

    5. Characteristics of Agricultural Landscapes.

    6.  Characteristics of Industrial Landscapes.

    7.  Characteristics of Settlement Landscapes.

    8.  Anthropogenic Factors Affected Landscapes.

    8. Contamination of Landscapes as a result of Different Industrial Activities.

    9. Contamination of Land and Groundwater by Heavy Metals.

   10. Radioactive contamination of the Landscape Components.
   11.  Peculiarities of Degraded Mining Landscapes.

Recommended literature: [7, 15, 32, 43].
The territory transformation is deviated significantly in different parts of the country (Fig. 2.4). The highest percentage of natural landscapes is observed in mountainous areas (Carpathians, Crimea). But mountainous landscapes occupy relatively insignificant part of the territory (around 6 %). If to consider the plain territory, one can notice from the Figure 2.4 that in the northern, northern-western parts of the country and in the mid reaches of the Dnipro River, the part of the territory under natural components reaches 50%, and in the forest-steppe and steppe geographical zones transformation exceeds 90% of the total area. Natural components here are located on the restricted areas adjusted to rivers and to the Black sea coastal area (particularly, wetlands of the Sivash lake).

Anthropogenic landscapes (human landscapes) are areas of Earth's terrestrial surface where direct human alteration of ecological patterns and processes is profound, ongoing, and directed toward servicing the needs of human populations for food, fuel, fibre, timber, shelter, trade and recreation.  These landscapes consist of natural and human created components interacted with each other. Anthropogenic components are arable lands, irrigated systems, settlements, forest plantations, artificial water reservoirs, open pits, roads, etc.

Ecological processes in anthropogenic landscapes differ greatly from those of pristine and indirectly impacted ecosystems.  These processes include species introduction and domestication, population management and harvest, the tillage transport and cover of soils by impervious structures, fossil fuel combustion, irrigation and the fertilization of ecosystems with nitrogen, phosphorus and other limiting nutrients. The name of an anthropogenic landscape depends on the main type of economic activity caused alterations of any particular natural landscape. The 2001 Land Code, for example, divides the land fund of Ukraine 

[image: image7.emf] 



into nine categories: agricultural land; land in urban and rural settlements; land for industry, transport and communication; land under environmental protection; land for recreation; land for health-related purposes; land of historic and cultural significance; land of forest fund; and land of water fund [  ] (see also the chapter 2.4.3.). A majority of present-day landscapes are considered to be natural-anthropogenic ones (V.Gutsulyak, 1992, 2009; G. Denysyk, 2005; V. Davydenko et.all, 2005).  

2.3.1. Taxonomy Units of Anthropogenic Landscapes
Although all the anthropogenic landscapes are created by people, the level of human impact on nature is different. In Ukrainian literature sources anthropogenic landscapes are classified depending on the considered approach (M. Grodzinskij, 1993; G. Denysyk, 1999; P. Shyshchenko, 2004). 
To characterize the landscape diversity both qualitative and quantitative factors are used. Depending on the spatial spread and repetition frequency all the natural complexes are divided into dominant, subdominant and unique ones. The dominant complexes represent conservative landscape characteristic features and testify the stable phase of development, whereas the unique ones give evidences concerning tendencies to changes or origination. The uniqueness is expressed in incomprehensive spread; effective age of natural components; availability of rare relief forms, geological rocks; distribution of endangered species of flora and fauna, high aesthetic peculiarities.  The unique landscape complexes have to be paid special attention and be preserved.

Quantitative factors of the landscape diversity are determined by the number of the relevant typological taxons per a certain area of regional units (rayon, oblast, region, zone, etc.). The landscape urochishcha should be chosen as a base typological unit and the other typological taxonomic units should be mapped according to the scale of research. 

Depending on the scale the following anthropogenic landscape are usually classified: 
· general landscape occupied the area of 1000-10 000 km2;

· local landscape – 100-1000 km2; 
· common or complex urochishcha – 10-100 km2; 
· suburochisha -  1-10 km2; 5) facia  ≤ 1 km2.

According to the level of human impact on the environment anthropogenic neolandscapes and changed (transformed) landscapes are described. Anthropogenic neolandscapes are those created by human anew, those that never existed in nature before the human intrusion. The examples are the following: the mound in the steppe, terricones around operating and closed mines, open pit complexes etc. Altered (transformed) anthropogenic landscapes are those where one or several components (mainly, vegetation) have been altered because of human impact. As examples of altered landscapes can be considered a birch grove grown instead of oak-forest occupied the territory before that or wormwood pasture instead of feather grass steppe.     

Goal oriented landscapes are classified as clearly defined landscapes designed and created intentionally by men and originally evolved. Designed and created intentionally landscapes are characterized by clear spatial organization and subjected to purposefulness of their creators. These landscapes are created based on the projects or in accordance with an engineering idea etc. In originally evolved landscapes the natural processes are changed and corrected as a result of long-term goal oriented or spontaneous anthropogenic influences: solonchak (saline soil) at the edge of irrigated field; a swamp at the site of the reservoir impoundment; different forms of anthropogenic carst at the site of underground mining of coal, salt etc.
If to consider the landscape life duration, then three categories can be considered. Long-lived self regulated landscapes exist as long as several centuries without any human support: mounds, earth banks, stone quarry, etc. Long-lived partially regulated landscapes can exist for relatively long time (decades and longer) but time from time they might require protective measures. For example forest plantations in the forest-steppe and steppe zones can suffer and die without regular support and protection, or ponds and canals might get silted up if not periodically treat them. Short-lived regulated landscapes need regular support with special agrotechnical measures: sown areas of grain and technical crops; fruiteries, etc.
There are different classifications of anthropogenic landscapes and all of them are mainly based on the land use criterion. F. Milkov, G. Denysyk considered anthropogenic landscapes as natural complexes but they are different from other natural complexes by their origin [41, 42]. The most common classification is offered by F. Milkov (1973, 1990) and given with additions in Table 2.3. G. Denysysk (2001, 2005) systematized anthropogenic landscapes for the Right-Bank Ukraine and his classification is based on the same principles.
Natural factors directly influence functioning of agricultural and forest landscapes. It is exhibited in natural, soil-climate conditions for husbandry. Because of that agricultural and forest landscapes are referred to zonal landscapes. Other landscapes, like urban and rural settlements, industrial, linearly roads, belligerent ones are referred to azonal landscapes because they are not deeply dependent on natural factors or the last ones indirectly affect those landscapes.

Agricultural landscapes are closely connected with land use mainly for arable and livestock farming (see also chapter 2.4.3). They were dominant among the other anthropogenic landscapes for the last two centuries and from the end of XVII and till present time considered as background landscapes in the present-day landscape structure of Ukraine. 

Agriculture experts first consider husbandry lands from the point of their potential use view and then they may pay attention to soils natural and other characteristics. Landscape experts put soils as a natural body first.  They prioritize to study the lands structure and ecological effect because of the human impact on nature and its territorial complexes: how the relief elements, soils, biota of a landscape complex, an arable field, or a garden, etc. are being altered at that. 

Three main subclasses of agricultural landscapes are usually defined: arable lands, meadow-grazing and horticultural ones. Vineyards and mixed subclasses are considered if they are available. 

Table 2.3.

TAXONOMIC UNITS OF ANTHROPOGENIC LANDSCAPES
	Class
	Subclass
	Type

	1. Agricultural
	1.1 Arable lands
	

	
	1.2 Meadow-grazing
	

	
	1.3 Horticultural
	

	
	1.4 Vineyard
	

	
	1.5 Mixed
	

	2. Industrial
	
	Open-pits and refuse heaps

	
	
	Terricones

	
	
	Industrial carsts

	
	
	Dumps and Polygons

	3. Linearly roads
	
	Auto-roads 

	
	
	Rail ways

	
	
	Aerodromes

	
	
	Oil-, gas pipelines 

	
	
	Power lines

	4. Forests
	4.1 Silvicultural
	Types are differentiated according to forests typology approaches

	
	4.2 Derivative forests 
	

	5. Waters
	5.1 Water reservoirs
	5.1.1 Large water reservoirs

	
	
	5.1.2 Average water reservoirs 

	
	
	5.1.3 Small water reservoirs and ponds

	
	5.2 Channels 
	

	6. Recreational 
	Landscapes and landscape-technogenic complexes around sanatoriums, boarding houses, holiday houses, tourists bases,  camping, big cities and suburban parks with attractions, forest parks, hydro parks, landscape and architectural museums etc. 

	7. Urban and rural settlements
	7.1 Rural settlements
	

	
	7.2 Urban settlements
	7.2.1 Parks and gardens

	
	
	7.2.2 Low-rise housing

	
	
	7.2.3 Multistoried housing 

	
	
	7.2.4 Industrial housing

	8. Belligerent
	
	Watch mounds

	
	
	Defense barrages

	
	
	Trenches


The properly arable lands and the arable landscape-engineering systems are divided among the arable lands in general. Functioning of the properly arable lands is provided by annual plowhging up the topsoil layer, introduction fertilizers and pesticides and also by creation of artificial phytocenosis. One more factor is available in the arable landscape-engineering systems. These are the active engineering constructions supplied a correspondent water regime and microclimate.  A conservatory is one example of an arable landscape-engineering system. Irrigated canals and rain-like devices are the other examples, widespread through over fields, orchads, and meadows.
Land tilling with a plough till 15-20, 30-35 sm depth with the following compacting is still used in the Ukrainian husbandry. Because of regular re-tilling and additional fertilizers and pesticides the process of natural soil cover formation is greatly disturbed. Old tilled lands gained new properties which are very different from their natural analogues.  It caused a vast development of soil erosion. Soil is trasfered from the fields together with cultures roots and used in construction works and for filling up ravines, gullies, etc. These facts together with low quality agricultural engineering facilities lead to great decrease of annual arable lands area.
Meadow-grazing landscapes are considered as an integral part of agricultural landscapes of Ukraine. Their areas used to gradually decrease till the middle of 90-s of the last century. This decrease was caused by the lands tilling, development and transformation to the category of “unusable lands” because of public usage. Dry meadows and floodplain meadows were systematically used for haying and grazing. Self-regulation ability of these landscapes is much higher than of arable lands and horticultural landscapes and close to natural steppe type.
Horticultural landscapes are not as widespread as two previous landscape sub-classes. They are often located on the steep slopes and therefore characterized by complicated relief. The role of anthropogenic elements – terrace slopes, filled up and flattened ravines (up to 12%) – is increased in their structure. Moreover, around 47% of orchards and gardens are created at the site of former arable lands. The space between rows is tilled, fertilizers are used, artificial irrigation is applied.
Microclimate conditions in orchards and gardens are different from those in adjusted landscapes. The air is 5-9% wetter, wind speed is 0,5-1,5 m/sec lower, the temperature is 1-20 lower. Diverse pests are developed depending on the fruit tree types, horticultural plantation and agrotechnology.
Forest landscapes occur as a result of forest plantation in situ of clearings and burned-out forests or self-remediation process. Their self-remediation can occur spontaneously. Those forests are of the same type as before clearing. Multiple clearing causes decrease in life duration and productivity of each new forest generation. The layers structure and types of tree stands and underwood are altered.
Anthropogenic forest landscapes can be classified as long-lived partially remediated anthropogenic complexes. In case of successful choice of tree species, place for plantation, and available technology derivative forests can grow for decades and centuries. With time forest plantation in shrub, grass, surface and soil cover gain characteristic features of initial natural type.
Industrial landscapes occur in the process of mining and manufacturing industries development. They are characterized by a very complicated internal structure. Their peculiarities depend on the mining and operating development, relief, hydrological regime, the character of adjusted landscapes, and etc. These are mainly azonal landscapes. G. Denysyk defines three types in the industrial landscape class: open-pits and refuse heaps, terricones and industrial karsts, and peat and swampy barrens and several country types in each type (G. Denysyk, 2005).
 Landscapes of open pits and refuse heaps of different area are spread through all over the country where an open-pit method of mineral resources extraction is developed. Some of the open pits are recultivated but in most cases they are self-regulated. Self-regulated open pits and refuse heaps are represented by several country types.
The country type “rocky badland” was first introduced by F. Milkov. The “rocky badland” is associated with parent slopes, gullies, ravines, terrace complexes and watersheds. In most cases the formation of this country type is based on the parent materials type. Rocky territories with steep slope, poor grass heathlands, adverse hydrological regime are very characteristic for badlands. Stony heaps of different ages without vegetation cover are also developed here. The air is contaminated; the vegetation is suppressed and covered with a thick dust layer. The “rocky badland” in Ukraine is represented by eight variants: limestone, granite, iron-ore, sandstone, chalkstone, gypsum, and dolomite-marl.
The mono-kettle country type is created as a result of anthropogenic denudation of shallow kettles (10-25 m). These kettles are formed in the process of clays, loams, and sands near surface extraction. This country type is widespread in Ukraine (Odessa, Donetsk, Vinnitsa, zhitomyr oblasts).
The country type of plateau-like open-pits and refuse heaps is formed in the regions of iron (Kirovograd oblast) and manganese (Zhaporizzya and Dnipropetrovsk oblasts) ores and brown coal extraction. Capping heaps (loess-like loams, red clays, sands, iron sandstones and ores) of 10-25 m height are accumulated on the plane surfaces. They are often eroded and almost not covered with vegetation because of high stoniness and adverse water and climate regime. Small lakes are often appeared between heaps in the spring time and dried up in the middle of summer. The areas of hilly lake-like barrens are formed in the regions of brown coal extraction. Heavy broken relief with stretched-out heal hills of 7-10 m height and 34-36 degrees slopes is developed here. Depressions between hills are filled with water. Such heaps are overgrown with motley grass and can be easily recultivated.
The lake-barren country type is formed at the site of slag collectors after iron, manganese and other ores processing. These are areas filled up with iron sands and water bodies of 2-2,5 m depth. 
The terricone landscape type is formed in the regions of mineral resources mining (see also chapter 2.3.3). It is also called the subcidence- terricone type. Terricones are represented by the high cone-like or cut cone heaps of 25-80 m height created as a result of underground mining. Terricones are known in Donbas and western regions of Ukraine. Some of terricones are recultivated in low hills with gentle slopes of 5-7 degress planted with silver moss, white acacia, and Tatarian maple. But the majority of terricones are hard to recultivate. Their lower parts are partially overgrown with motley grass; the slopes of 30-350 steepness are heavy eroded. 
Industrial karst. Mining is carried out at a depth of the first hundreds m and deeper. As a result artificial karsts similar to natural ones are created. The salt karst is especially active. Operating the shallow salt mines and exploitation of brines caused a wide development of the karst landscape type in western Ukraine (Solotvino). The karst development is spread through all over the salt dome here and on the depth of 300 m. On the the surface karst is appeared in the form of craters of more than 10 m depth filled up with water; fish is found in some lakes. Through the system of underground caverns those craters are connected hydraulically with lakes, the mine draine system and even with operating mines. All that causes spontaneous solution of the salt layers and creation of gaps and subcidences in the earth surface.
The landscape type of peat and swampy barrens is formed in the regions of peat deposits development. Their areas are being grown. Peatery are adjusted to floodplain terrace country types. The country type’s structure depends on the peat extraction methods and water regime of the territory.
The country type of the trench-swampy barrens was formed because of peat extraction with a machinery-molding way used in 50-60s.  Around 20% of peat is extracted this way nowadays. The peat swamps were developed and disturbed by trenches. Untouched surface parts were left between them. This country type is hard to recultivate and it is usually referred to abandoned lands. However, in the head river of the Pivdennyj Bug and middle Dnipro such barrens are settled with waterfowl, maskrats and can be turned into natural reserve areas.

The country type of the kettle-peat barrens was formed because of peat extraction with a milling way. This way is more effective than a machinery-molding one because it does not leave untouched areas. Comparing to the previos country type the kettle-peat barrens are less wetted. Their surface is a little hilly and overgrown with horsetail and sedge associations. They are used for growing of flax, corn, and fodder beet. 
Settlement landscapes are anthropogenic landscapes of human habitation: cities and villages with their housings, streets, roads, plantations. They were first introduced by F. Milkov (table 2.3) and developed by G. Denysyk and other researchers.  

Urban landscapes are characterized by fundamental reconstruction of natural landscape components. The urban landscape structure depends on the space location, peculiarities of the previous landscape complexes, the history of development and architecture planning, dimensions and functions, and mainly on the character of new interconnections in nature. By the last ones we mean transformation of natural landscape components into anthropogenic. The further their functioning goes on in the structure of urban anthropogenic landscapes and landscape-engineering systems. Geographically the urban anthropogenic landscapes are widespread in the densely populated areas on the east of the country (Donetsk, Lugansk, and Kharkiv oblasts).
Ecosystem processes and their spatial patterns within these anthropogenic landscapes are altered by human activity and contribute disproportionately more per unit area to global changes in climate, biogeochemical cycles and biodiversity. The most humans live within them; the measurement and mediation of long-term ecological changes within densely populated landscapes are a matter of serious global, regional, and local concern. This is not surprising, considering that landscape transformations within densely populated landscapes incorporate a wide variety of complex land management practices that are characterized by fine-scale changes in landscape structure (<30 m) caused by the creation, transformation, and abandonment of anthropogenic features with distinct boundaries, such as buildings, roads, yards and small agricultural plots.
The most densily populated megapolopolises in Ukraine  include Kyiv, the country’s capital and economic, cultural, and educational centre; Kharkiv, where engineering expertise, machinery plants and educational institutions are concentrated; Dnipropetrovsk, a hub of metallurgical and aerospace industries; and Donetsk, a mining and metallurgy centre. Odesa, on the Black Sea coast, is the country’s largest seaport. The construction of cities and industrial facilities leads to a change of several components simultaneously. In big cities anthropogenic landscapes inherit a background, the main relief components and the general climate features. Mezorelif is being altered, local microclimate is being created, and the small rivers are being taken into pipelines, a cultural horizon is being formed in the soils. A city usually has its own flora and faune world.
The low-rise housing type of urban landscapes is widespread through all over the country and occupies huge areas. They are represented by a complicated mosaic of the man-made and landscape-engineering complexes. The man-made complexes are occupied with one- or two-stories constructions, ajoining the farm areas, sometimes with small forest sites, ravines, abandoned pits; the landscape-engineering complexes (20-24% of the territory) – with conservatories, small industrial objects, operating pits. But the engineering-landscape areas are constantly growing. The air temperature here is 1-30 higher that allows people to grow vegetables and fruit on their plots. 
The multistoried housing type of urban landscapes forms the image and the main landscape characteristic features of big cities. This landscape type is a dominant one in the regions of thermal, nuclear, hydro power plants, big industrial objects and open pits location. Development of its territories is carried out at the expense of agricultural and forest lands, and also the low-rise housing area and populated terrace sites. The multistoried housing types are created on the plane surfaces of watersheds (Zhitomyr, Poltava, Kirovograd), terraces (Cherkassy, Kaniv), river valleys (Khelnitskij, Ternopil), and made-up grounds. The landscape-engineering complexes are predominant in the structure of these landscapes in the form of multistoried buildings, asphalt roads, sites, etc.
The historical and architectural complexes with their ribbon buildings and compact planning are of special interest in the structure of multistoried housing type. The sites of low-rise housing and industrial facilities make the structure more complicated.
The industrial housing is being formed since the middle of XIX century because of construction big industrial objects. It is usually associated with low hilly terrace surfaces or watersheds.  The main characteristic features of these landscapes are:

· availability of huge massives of “closed” soils with asphalt and stony covering;

· availability of man-made objects of special functional assignment;

· and specific microclimate conditions.
Because of these features biocenoses of industrial territories are very different from other biocenoses of urban landscapes. The structure of industrial housing landscapes is diversified with massives of low-rise and multistoried housing, engineering water bodies, recreational complexes and green plantations. This landscape type defines the ecological situation in cities.
The water-recreational type consists of water reservoirs, ponds and water complexes in spent pits, the city parts of canals, stream canals, and also near coastal stripes along these objects used by residents for their recreation activities. The landscape complexes are greatly altered here. Artificial beaches are being created, river banks are being transfered into monolithic quays or dams. On the one hand, the water complexes solve some of the city problems like recreational, water-supply; transport ones, but on the other hand they do not always positively affect the functioning of the city ecosystem. Being usually located in lowest parts of the city territory, they concentrate sewages and heavily contaminated. The part of landscape-engineering complexes here is not significant and represented by power facilities, dams, and sport complexes.
The park and garden type is associated with big slopes and river plains, ravines, less often – with watersheds. These are original examples of gardening architecture and the rich aboriginal and strange vegetation, picturesque landscape sites, and concert and sport sites. The last ones and also pedestrial roads, sightseeing territories increase a general area of landscape-engineering complexes. The water-recreational type and the park and garden types are often united in average and small towns and can be joined as a park-recreational type.
Rural landscapes.  Different factors influenced the formation of rural landscapes in Ukraine: natural, historical, ecological. The influence of ecological factors has significantly increased for the last decades. More than 360 settlements were tranfered on the watersheds when construction of the rivers Dnipro and Dniester water reservoirs cascades; dozens of new villages were built for residents of the Chornobyl zone; holiday villages are being developed.  
As a landscape type, the rural settlements are much older than the urban ones. During a long history of their development the flora and fauna world has been changed. The plantations of fruit trees and shrubs are predominant. The soils are well manured and looked after.  Housings and ploughing have changed the surface flow: on the forest territories canals are developed for the diversion of unnecessary water; on the steppe and forest-stepper territories dams are buil for water accumulation. In every village drilling-holes and wells are constructed for underground waters usage. 
The landscapes of island-hill watersheds are not suitable for settlements. They are characterized by deep location of underground water horizons, unfavorable wind regime and soils. Therefore not many villages are developed here. Some of them are located on the upper parts of hollows.
It is reasonable to consider here another classification proposed by E. C. Wang et all, 2006 concerning densely populated rural, urban and suburban landscapes that now cover as great an extent of Earth’s land surface as do, for example, tropical rainforests. 
 A classification proposed means minimum mapping scale ≥ 1 km2. The following areas are defined. Urban residential:  high population density, non-agricultural, high impervious surface area. Includes cities and towns.  Urban, non-residential:  low population density, high impervious surface area. Areas dominated by non-residential anthropogenic structures, especially industrial areas associated. Suburban residential: moderate population density, some vestigial agriculture, moderate impervious surface areas. Developed villages: moderate population density, some vestigial agriculture, moderate impervious surface areas.  These are historically agricultural villages where non-agricultural livelihoods now predominate and farmers are a small part of the population.  Common in more developed countries with long histories of dense rural population. Agricultural villages: moderate population density, with most of the population engaged in intensive agriculture in some way, low to moderate impervious surface areas.  Common in developing countries with dense rural populations, especially. Pastoral villages: moderate to low population density, with most of the population engaged in sedentary pastoral livestock production sometimes accompanied by cropping, low to moderate impervious surface areas.  Probably most common in Africa. Extensive industrial agriculture:  low population density intensive agriculture, low impervious surface areas. Plantations: low population density large-scale plantation forestry and agriculture, low impervious surface area, high woody cover.  Shifting cultivation: low population density non-intensive traditional agriculture, low impervious surfaces. Extensive pastoral: low population density migratory non-intensive traditional livestock management and contemporary rangeland management. Intensive non-residential disturbance: low population density, low impervious surface.  Primarily active deforestation, mining and other intensive disturbances not associated with permanent human occupation.
Water landscapes are developed in the process of artificial water reservoirs and watercourses creation.  In the structure of anthropogenic water landscapes water resorvoirs, ponds and canals are predominant. The water reservoirs are known as a base of water anthropogenic landscapes. Because of small sizes most water reservoirs are the parts of terrestrial landscapes of physical and geographic regions. The shallow water landscape type is fundamental here and can be used for recreational activities. The deep-water landscape type is associated with the Dnipro and Dniester rivers reservoirs. Silting is actively developed here; concentration of organic matter is constantly increased.

Ponds are represented by urochishchas’ or urochishcha’s group of corresponding country type of terrestrial landscapes. Belonging to a certain country type determines the main characteristic features of ponds:
· dimensions and morphology;
· silting intensity; 
· character of development.
Canals are represented by anthropogenic river network created during the last century. Their length exceeds the length of river beds of the first and second orders. Canals were actively constructed during 60s-70-s of the last century. Then during 80-s the river beds were altered for canals lengthwise 18 000 km2; upper rivers and their tributaries were transformed to the canal systems.  The canals’ slopes are not strengthened; the water often overflows. That leads to canals’ silting and overgrowing with swampy ruderal vegetation.

The river canals perform two functions: they decrease the level of underground waters in floodplains, swamps or drain the water from the main bed into ponds, power plants turbines, etc. After the operation life the canals usually are over grown with different vegetation and gadually transformed into extended swamps or sometimes into dry or with a wet bottm lowlands. The natural analogs of abandoned canals are the former riverbeds or dry riverbeds. Sometimes they are difficult to be recognized.  
Linearly roads are associated with lands use and transformation for transport and communication between people. Roads landscapes are complicated systems of anthropogenic origin; their structure and functioning is determined by the roads themselves and numerous adjusted objects. They are considered as a result of the centuries-old history of human activity and they unite many different anthropogenic spheres. Their role in the present-day structure of Ukrainian landscapes is constantly and quickly increases.
Recreational landscape is created within recreational zones or zones of active tourism. Belligerent landscape (from lat. belligero – make war) occurs in situ of military activities or defense fortifications.

2.3.2. Anthropogenesis Factors Affected Landscapes
Anthropogenic activity is connected with deletion of natural resources and deposition of wastes in the environment. It is accompanied with anthropogenic load on natural landscapes and leads to their transformation (as minimum) and destruction (as maximum).  

Anthropogenic Stress from Industrial Activities
Industrial stress has a local character but distinguished with a considerable intensity and tendency to being increased. The total area of industrially disturbed landscapes is relatively insignificant but the level of transformation is the most critical one.

Major industrialized zones of the country are also environmental hot spots, not only due to the past and current pollution of air, soil and surface and ground water, but also because of the risk of industrial accidents. In addition, industrial processes generate huge amounts of wastes, including hazardous wastes. The highest environmental impact is caused by the production and processing of metals and the mining and chemical industries. The most polluted landscapes are in Donetsk, Dnipropetrovsk, Zaporizhzhia and Luhansk oblasts. Mariupol and Kyiv are the country’s most polluted cities.
The small number of enterprises in Ukraine have introduced environmental management systems (about 30 enterprises had ISO 14000 certification by the end of 2005), a few pilot projects initiated on the introduction of integrated pollution prevention and control, and the insufficient capacity and low efficiency of clean technology centres. The industrial sector lacks strategies and policies for its sustainable development. Political pressure to encourage industry to put priority on environmental protection is strongly needed. There is a big potential to modernize industrial technology through developing joint implementation projects under the Kyoto protocol, but this potential is unexploited.
Air emissions. Industrial processes (chemical and allied products, metals processing, petroleum and related industries, other industrial processes, and waste disposal and recycling) are major sources of emissions of air pollutants such as carbon monoxide (CO), nitrogen oxides (NOx), volatile organic compounds (VOCs), sulphur dioxide (SO2), particulate matter less than 10 microns (PM10) and less than 2.5 microns (PM2.5), lead (Pb) and other heavy metals. The incompleteness of the country’s data on industrial air emissions has hampered a deeper analysis of air pollution from this sector. Most SO2 and CO emissions are from metal production and mineral products, while emissions of CO, VOCs and NOx are mainly from the chemical and petrochemical industries.
Donetsk oblast alone accounts for about 40 per cent of total air emissions in Ukraine, followed by Dnipropetrovsk (21%) and Zaporizhzhia (6%) oblasts. The city of Mariupol, in the Donetsk oblast, has accounted for about 5 per cent of total emissions in Ukraine. This huge amount of air emissions is mainly due to the large metallurgical plants operating in the city.  
Industrial wastewater is not sufficiently treated before being discharged into surface waters. Metallurgy is the biggest wastewater producer, and then follows: coal, chemical and petroleum industries.  Almost all of the coal industry’s discharges (89% of the total) are either untreated or insufficiently treated, while 70 per cent and 60 per cent of wastewater from the metallurgical and petrochemical industries respectively are untreated or insufficiently treated. Wastewater from these industrial processes is typically contaminated with heavy metals, phenols, oil products and other hazardous substances.
During coal mining, groundwater is pumped into settlement tanks and, in most cases, discharged without treatment into the nearest river system. Mine waters are highly mineralized and contain elevated phenols and suspended substances, with sulphates, nitrates, iron, copper, COD and BOD frequently exceeding limits. Acid mine drainage is also a major issue related to mining tailings due to the high potential of groundwater contamination by heavy metals. When a mine is closed and pumping temporarily stops, the water table rises and causes flooding in inter-connected coal mines. Wastewater discharges by other subsectors, such as metallurgy, chemicals and petrochemicals, oil and gas, machine-building, food processing, transport equipment and construction is of secondary importance.
Industrial waste dominates Ukraine’s total waste generation. The main sources of industrial waste are the mining, chemical and petrochemical, metallurgical, machine-building, wood, pulp and paper industries. Industrial waste is typically disposed of in landfills, particularly on the grounds of enterprises. Landfills and industrial waste storage sites should be specially equipped to prevent pollution, but often waste disposal does not comply with the norms and represents a real danger to the environment, especially in the form of contamination of soil and groundwater by heavy metals at industrial sites. The national infrastructure for waste management and disposal is inadequate, and many regions of the country are having difficulties processing and disposing of hazardous waste. Because only a few companies have properly engineered disposal facilities, most companies are storing dangerous amounts of hazardous waste on their premises.
There are not enough specialized sites for centralized processing of hazardous waste. Key data on waste generation, accumulation, recycling and disposal are in most cases estimated rather than measured, and a number of cases need to be further investigated due to flaws in the system for collecting national statistics and difficulties in getting reliable statistical data from private companies. Recycling this waste could be an important source of raw materials for industry. Only about 18 per cent of industrial waste (e.g. wood, rubber, oil and organic waste) are  recycled and reused. The remaining 82 per cent are stored at industrial sites or disposed of in landfills or sludge ponds.
Ferrous metals extraction, processing and metallurgy generate about 120 million tons of waste annually, of which 71 per cent is from ore mining, 25 per cent from metallurgy, 2.6 per cent from coke and chemical processes and 1.4 per cent from ferrous alloys. Mining tailings and wastes are major sources of heavy metal pollution due to the formation of acid mine drainage in poorly managed or abandoned tailings and waste heaps. Due to the low pH of mine waters (between 1.5 and 3.0), heavy metals such as copper, zinc, cadmium, arsenic and lead can be leached from the rock and mobilized, causing severe contamination of surface water and groundwater, soil and vegetation. Consequently, heavy metals can enter and bioaccumulate in the natural and human food chains, posing a serious risk to human health. In addition, mining and other industrial waste heaps generate about 10 million tons of dust in Ukrainian cities and towns. In Donetsk oblast alone there are about 600 waste heaps resulting from coal mining, most of them located in towns.

Landfills are a typical means of disposing of industrial waste, particularly on enterprises’ territory. Few landfills and mining tailings have undergone rehabilitation work (waterproof bottom layers, drains, and monitoring drilling). In some landfills that are used for chemical and metallurgical waste, drying layers or pits for various types of sludge have been designed in order to protect groundwater better from infiltration.

The main types of industrial hazardous waste in Ukraine include oil waste, slag from ferrous and nonferrous metallurgy, residue from organic chemistry (e.g. phenols, solvents, oil products) and sludge containing heavy metals (e.g. lead, iron, manganese, nickel, cobalt, cadmium, copper). The waste originates mostly from the mining, metallurgical, chemical and oil-refining industries. There are four classes of hazardous wastes in Ukraine, defined according to the degree of waste toxicity (class I being the most toxic).

Contamination of land and groundwater by heavy metals is a major problem at industrial sites. For industrial waste that cannot be recycled, industrial operations have specially equipped storage sites, theoretically with insulation and protection. However, often waste disposals do not comply with the norms and represent a real danger to soil and groundwater. According to the Ministry of Environmental Protection (MEP), the concentration of heavy metals in soils in the industrial regions (e.g. Donetsk, Dnipropetrovsk) is very high and exceeds maximum allowed concentrations (MACs), particularly near mines and industrial plants. Data on radioactive wastes from uranium mining and milling are usually not easy accessible.
Oil and gas industry stress. There are deposits of oil and natural gas in the Carpathian foothills and the Donetsk Basin and along the Crimean coast. The country has about 1.3 billion tons of proven oil reserves. Total production of crude oil and gas condensate equaled 4.2 million tons in 2004. Ukraine has 6.4 trillion cubic metres of proven natural gas reserves. Its annual 19 billion cubic metres of total domestic gas production was enough to meet about one quarter of domestic consumption needs in 2004.
Development of oil and gas deposits and oil products processing are in the list of the most stressful anthropogenic factors for the landscapes. The whole complex of contamination sources is available within areas of oil and gas production activity: 
· contamination of soil waters with brine oil-field and sewage waters; 
· oil outflow; 
· sewage water injection into deep aquiclude; pumping of run-off water into the deep impermeable horizons;

· accidental spill of oil products, leakage and penetration into soil of oil products; man-caused spill;

· emersion of mineral water (having iodine, brome, boron and other components in their content) into the day surface through operating gas drill holes; 

· emersion of natural gases into the earth surface or upper top soil horizons. 
Technogenic soils and soil waters salinization are widespread on the territories of oil fields. Contamination of soil waters is typical, for example, for Pasichnyanskij industrial hub (Ivano-Frankivsk oblast). Technogenic sources of geochemical contamination impact the quality of water, atmospheric air and soils.
Anthropogenic salinization of soils and underground waters is widespread through the territories of oil and gas deposits development. Contamination of underground waters was determined on the Pasichnyanskij industrial hub in Ivano-Frankivsk oblast. The high level of underground waters mineralization (1446-1627 mg/l) and high content of sodium, potassium (780-840 mg/l) and chlorides (313.5-461.2 mg/l) ions is determined here according to Ya.O.Adamenko, 2000. Anthropogenic sources of geochemical contamination influence the environment quality in neighboring settlements located close to the areas of oil and gas deposits development.  

Contamination of landscapes as a result of different industrial activities is reflected on the landscape complexes. Impact of contaminants released from industrial, municipal, transport, and other sectors is widespread. It is obvious, that areas of high industrial activity are meant to have higher level of contamination. During the XX century the concept of chemical contamination of the certain components and the entire landscape complexes had been outlined. The intake of chemical elements of anthropogenic origin into the landscape complexes is understood as chemical contamination of the environment. Emissions from metallurgical and power plants, fuel and energy and military complexes, automobile and aviation transport, and also chemicalization of agricultural production are considered as sources of chemical factors and their pressure on the landscapes. Chemical contamination of the certain landscape components leads to ecological degradation of the entire landscape complexes. 

However, contamination widespread is characterized by some peculiarities. First, contamination sources can be localized out of direct impact (e.g. abroad) and it requires certain mechanisms for counteraction. Second, contamination sources can be the point and the diffusion ones. The diffusion sources require special techniques to be determined, monitoring and control. Third, contamination impact can be local, regional, and global. Understanding of impact factors is of high priority as it is necessary for the assessment of landscape alterations and for planning activities on their remediation.

Practically all the industries are considered as a power source of chemical factor impact into the landscapes. Monitoring data given in Table 2.4 demonstrate the intake of heavy metals from different industries. The heavy metals are characterized by the threshold impact type and when exceeding the threshold (limited acceptable concentration, LAC) they become toxic for living organisms. There is contamination by heavy metals of soils in industrial areas such as Luhansk, Khmelnitskyi, Donetsk and Kyiv oblasts. A total of 5 million hectares are contaminated. Forty three military sites are registered as potentially contaminated by toxic waste. 
About 35% of heavy metals are accumulated next to the facilities of the black and nonferrous metallurgy; 27% - next to the thermal and other power plants; 16% - next to facilities of oil production and refinery; 13% - around auto roads; and 8% - next to the complexes of constructing materials recovery and production (D. Armand, T. Kupriyanova, 1979). Then the heavy metals accumulated in wastes, spread in accordance with the laws of water and wind migration and contaminate the neighboring and remote landscape complexes.
The coal used in power plants, which is mostly of domestic origin, has high ash (35%) and sulphur (1.5%–2%) content, and therefore its burning generates large quantities of dust and SO2 emissions. All power plants burning coal have electrostatic precipitators and scrubbers for capturing solid particulates (dust); 

 Table 2.4
AVERAGE CONTENT OF HEAVY METALS IN THE WASTE PRODUCTS OF DIFFERENT INDUSTRIES (10-2%) 
	Industries

	Pb
	Nb
	Mo
	V
	Cu
	Zn
	Zr
	Cd

	Machine-building
	0.8
	0.1
	-
	0.2
	0.2
	10
	10
	-

	Radio engineering
	1.0
	0.1
	0.1
	0.3
	28.0
	70.0
	0.1
	0.4

	Power industry
	4.0
	0.1
	-
	0.1
	35.0
	72.0
	10.0
	2.0

	Instrument engineering
	963
	0.1
	0.1
	0.9
	48.0
	31.0
	0.2
	1.6

	Machine tool industry
	10.0
	0.1
	-
	0.1
	20.0
	20.0
	0.1
	-

	Automotive industry
	17.0
	0.1
	-
	0.07
	26.0
	66.0
	0.07
	0.05

	Cutting tool industry
	1.1
	1.3
	0.2
	0.1
	24.4
	27.0
	0.1
	-

	Photo industry
	4.3
	0.2
	-
	0.1
	100
	70.0
	-
	5.0

	Television industry
	3.0
	0.1
	-
	0.1
	39.0
	57.0
	-
	1.6

	Metallurgy 
	0.01
	-
	0.02
	0.02
	0.08
	-
	0.7
	-

	Ferroalloy industry
	-
	-
	0.02
	0.01
	0.02
	-
	0.01
	-

	Nickel industry
	0.01
	-
	0.01
	0.05
	0.2
	2.0
	0.3
	-

	By-product-coking industry
	0.3
	0.15
	0.02
	0.1
	0.15
	1.0
	2.0
	-


however, they are not equipped with flue gas desulphurization. Fluidized bed combustion technology in power plants burning coal

would make it possible to significantly reduce dust and SO2 emissions into the atmosphere, but such technology has been installed in only one power plantin Ukraine, the Starobeshivska combined heat power plant (unit No. 4 of 200 MW), thanks to loans from the European Bank for Reconstruction and Development.

The low quality of coal also causes problems for coke-processing industries. In coke-processing plants, extraction of sulphur from air emissions is necessary when the sulphur content of the processed coal exceeds 1 per cent, which is the case for Ukrainian domestic coal. Only four of the sixteen coke-processing facilities are equipped for flue gas desulphurization. On the other hand, coke could be viewed as a rational economic option for enterprises that look for alternative energy sources after the steep rise of gas prices and the limits set on gas consumption by the government. Should this alternative develop using the existing cokeprocessing technology, it would have a negative impact on the environment.

Such a power pressure of anthropogenic substances on the landscape components is an endogenic factor of biogeochemical anomalous formation. If a natural background on any chemical element was on the edge of self-regulated system, then even small amount of another intake of the element can cause the environmental threat. The geochemical anomalous connected with the ore deposits, geochemical barriers and fault zones in landscape complexes are potentially referred to the hazardous zones.  
At the beginning of 90s the amount and intensity of sources of geochemical contamination decreased because of economic depression. However with the beginning of the new century the economy has been developing, commodity production has been increasing and it inevitably leads to anthropogenic pressure into the landscape complexes of Ukraine. The summary data on factors and level of their impact into landscapes are shown in Table 2.5. 
The insufficiency of domestic energy sources is a serious problem for Ukraine, which is only rich in low-quality coal with a high sulphur and ash content. In this context, energy savings are of key importance. The observed decoupling was partly due to the

Table 2.5
ANTHROPOGENIC PRESSURE ON THE ENVIRONMENT IN DIFFERENT REGIONS OF UKRAINE 
	Natural and Economy Regions
	Contaminants released into atmosphere
t/he
	Contaminated waste waters discharged into water facilities
m3/he
	Soils contamination
	Tilled lands

%
	Disturbed lands

%
	Integral factor



	
	
	
	with mineral fertilizers

kg/he
	with pesti-

cides 

kg/he
	
	
	

	Western Polissya
	0.09
	2.0
	218.0
	5.2
	36.0
	55.0
	4.68

	Ukrainian Carpathians
	0.17
	9.0
	257.0
	7.3
	29.4
	25.0
	5.21

	Podillya
	0.07
	2.9
	168.0
	5.3
	69.0
	21.0
	4.18

	Kyiv Prydniproviya
	0.06
	5.4
	144.0
	5.0
	51.6
	35.0
	4.14

	Left-Bank Prydniproviya
	0.09
	8.2
	150.0
	4.5
	62.6
	19.0
	4.13

	Industrial

Prydniproviya
	0.56
	104.6
	121.0
	3.5
	70.4
	71.0
	12.12

	Donbass
	0.07
	24.4
	155.0
	3.7
	59.3
	65.0
	8.79

	Prychornomorie
	0.05
	17.6
	124.0
	4.6
	67.8
	15.0
	4.25

	Crimea
	0.19
	8.8
	123.0
	16.9
	45.1
	29
	6.38


implementation of the Programme on Energy Savings (1997) and the decrease in the use of domestic coal. However, this trend is being increasingly offset by the resurgence of heavily polluting traditional industries, such as metallurgy, which are still using obsolete technologies. In 2006 Ukraine updated its Strategy on Energy until 2030, and it is adopting many new laws in this field. Economic measures are being introduced to promote energy efficiency. The 2006 Ukraine’s National Energy Programme includes measures to address waste issues, promote energy conservation and efficiency, and gives targets for the development of renewable energy, such as hydroenergy, biomass energy, and wind and solar energy. Nevertheless, energy supply remains a difficult problem. Energy prices are still cross subsidized, and the everrising world-market prices for natural gas and oil are slowing down the scheduled closure of coal mines and causing a new increase in the use of domestic coal. In parallel, the political trend toward energy independency for the country is reactivating projects to expand nuclear energy production. Meanwhile, the development of renewable energy sources is not getting enough attention.
Depending on the qualitative content and amount of substances involved into migration flows the pressure on the environment is originated in the landscape complexes. That is why the question of the negative consequences remediation from anthropogenic migration of chemical elements is of high priority in the industrial landscapes. For this purpose it is essential to study interconnection between homogenous and heterogeneous landscapes in industrial areas; direction and intensity of anthropogenic flows; boundaries of primary and secondary contamination; temporal dynamics of toxic substances. 

Radioactive contamination. The Chernobyl accident led to significant radioactive contamination of the soil in Ukraine – more than 37 kBq/m2 137Cs was deposited on 3.7 million hectares in Ukraine. Radioactive stress is first connected with the security and maintenance of the accident site itself, including the replacement of the concrete sarcophagus, which was built hastily around the nuclear reactor after the accident. A related problem is the storage of radioactive waste from the nuclear plants.
Radioactive contamination is widespread on forest land as well as agricultural land mainly in Zhytomyr, Rivne and Kyiv oblasts. The timber and non-timber production (wild fruits, berries, mushrooms, etc.) of a considerable acreage can no longer be used. Cows feeding on contaminated poor organic soils may still produce milk with radiation levels caused by high 137Cs concentrations that exceed allowed levels. by forest fires. An additional problem related to radiation from the accident is the possibility of forest fires in the fallout areas and redispersal of radioactivity. Forest fires could discharge radioactive material into the atmosphere.
Twenty five years after the Chornobyl nuclear power plant accident, which released massive amounts of radiation into the environment, Ukraine continues to suffer heavy environmental consequences. Radiation fall-out remains a concern in the affected areas. The contamination will persist for centuries, and Ukraine will need to continue food controls and restrictions for decades. Agro-technical and agro-chemical measures, such as changed crop rotation, liming and fertilizing to prevent radionuclide uptake by plants have been relatively successful in alleviating the immediate effects of radiation. Products from both large-scale and private farms undergo radiation level controls, but the extensive food production on household plots is usually not checked. 
Anthropogenic Stress from Agricultural activity 
Agricultural stress is considered to be the most widespread as it covers the majority of the territory and its negative consequence is lands erosion. The large-scale impact on the landscapes is caused by arable farming (husbandry), viz lands ploughing-up (see also the chapters 2.3.1 and 2.4.3.). However the percentage of tilled lands is different from region to region. The highest level of agriculture development is characterized for the southern oblasts (Kherson, Mykolaiv, Odessa, Zhaporizzya oblasts) where up to 90% of the territory is under agricultural use. 
Fertilizer and pesticide use has decreased substantially, and therefore related contamination of soils as declined. A still unsolved problem is the contamination risk from more than 19,000 tons of often improperly stored obsolete pesticides.
With the privatization process well advanced, the number of landowners and land parcels in private ownership has increased dramatically. This has not solved the many existing land management problems: large areas of eroded land (5.8% severely eroded), land degraded by human activities (18%), reduced soil fertility and contaminated land; soil acidification, compaction and salinization caused by agricultural practices; fragmentation of habitats; uncontrolled development of infrastructure; and urban sprawl. The state has permitted privatization of areas that should have been protected, and it now needs to buy back plots if it wants to increase the share of protected land (currently only 4.5% of the territory). The Land Code of 2001 stipulates all the provisions for sustainable land management, but the key tools are still missing: there is no land cadastre or title registry system, and therefore the land market is not functioning properly. Moreover, privatization has resulted in land fragmentation, which seriously complicates the implementation of good agricultural practices and impairs the protection of biodiversity. Urban development, land protection and land use lack an appropriate strategic, legal and institutional framework that would ensure a more rational use and protection of land.
Animal husbandry 
Pasturable impact is available through all over plain part of the country including Ukrainian Carpathians (meadow landscapes). First, pasturing influences directly vegetation (damages sprouts and rootstock); soils (compaction, change of water regime, etc.); intake of nutrition; seeds widespread; change of general phytomass and its species composition. Second, pasturing is considered as a factor of regulation of a landscape development. Partially, it restrains development of shrubs in the forest-steppe and steppe zones. Third, the organic husbandry wastes stimulate development of vegetation aggregations, partially in case of their intake into water objects. The enrichment of water objects with organic matter stimulates the bulrush and other vegetation over growth along coastal lines, and also causes eutrophication processes in water environment. 
Forestry
The forest resources use, especially wood procurement, causes cardinal change of the structure and functional characteristics of corresponding landscapes. These changes are considered as negative ones for natural complexes and for human beings because they decrease the resources potential and increase probability of natural disasters. The forestry plantation, to the contrary, causes positive effect and considered as positive factor of influence into landscapes development. Forest reclamation is observed on eroded territories and has a positive effect as it obstructs the development of erosion processes. Total area of forest-protection plantation is planned to reach 711,5 thous. hectares including forest shelter and near gullies belts, forest belts along the pasture slopes, entire afforestation of gullies and mountains slopes, ravines, forests around water reservoirs, canals etc. forest reclamation measures cover almost all the eroded lands (see also the chapter 2.4.4).  

Anthropogenic stress from industrial, residential and
municipal construction
Construction is characterized by a high level impact into natural landscapes. Construction stress into the landscapes is accompanied by cutting off positive relief forms and backfilling of negative ones, soil alleviation, complete destruction of vegetation and soil cover on sites. The slopes cutting off activates erosion and slide processes. It causes introduction of protective measures for the processes stabilization and then it requires introduction of new technogenic elements into the landscape structure. 

The cities development is accompanied with destruction of natural and agricultural landscapes and their complete transformation into urban landscapes. In mining areas the open pits area, the mines length and depth is drastically increased from year to year. It leads to considerable change in a landscape structure through numerous rockslides, shift faults, decrease of arable land areas. The arable land areas are also reduced because of development of terricones, rocks dumps; functioning of industrial object. Moreover, development of urban and industrial infrastructure requires construction of municipal objects, roads, water reservoirs, land fills, etc. Industrial and municipal objects activity causes contamination of the environment through air and water objects. This contamination impacts on bio productivity of the landscapes located even far from the sources themselves. 
Bridge construction stress is reflected on underground waters horizons and lower parts of the atmosphere. The vertical profile of urbanized landscape is determined by the depth of consumed horizon of underground waters and the height of industrial emissions into the atmosphere. Within these cordons the following is located: 1) horizon of natural and inwash rocks on which industrial building footings, underground communications are situated; 2) horizon of surface low-rise buildings, roads, green plantations, waters reservoirs, city noises, characterized by the highest concentration of transport emissions, intensive surface heating; 3) multistoried horizon where effect of the mentioned factors is faded but meteorological factors value is getting up (wind regime, etc.)  

Anthropogenic stress from transport system development
Transport arteries intercross the country through all over its territory. Development of new roads and reconstruction of old ones causes significant impact on the adjusted landscapes. Exploitation of transport and its infrastructure is accompanied with wastes accumulation and contamination of air and soils. 
There is no national strategy for transport. The little interest paid to the environmental impacts of this sector is reflected in the very poor related statistical data available. The deteriorating quality of urban air (particularly, in the city of Kyiv) is a growing concern, linked to the use of bad quality fuels, obsolete vehicle engines, increasing number of private cars and resulting traffic congestion problems. Currently, national and World Health Organization standards for local ambient air quality for specific pollutants are exceeded in almost all major Ukrainian cities.

With the economic recovery and improving standards of living, the ageing public transportation fleet is at risk to be offset by the development of private cars. The government  and the municipalities underestimate the environmental problems brought by the transport sector. Strategic concepts for the sustainable development of this sector are badly needed, as the sector is under rapid and profound transformation.
2.3.3. Peculiarities of Degraded Mining Landscapes
Ukraine is one of the largest producers of coal, manganese, titanium, graphite and kaolin. Ukraine is the world’s fifth largest producer of iron ore and exports about 15 per cent of its total output. Mining of energy-producing materials is dominated by the extraction of coal, oil and natural gas. Most of Ukraine’s 37.6 billion tons of proven coal reserves consist of low-quality coal with a high sulphur content. All extracted coal is consumed domestically; about two thirds of it by power stations and the rest to produce coke for the metallurgy sector. After 1995 coal production stabilized at about 80 million raw tons per year. The coal industry has a large number of unprofitable mines and until recently was heavily subsidized by the Government.
Mining industry stress promotes the creation of new elements in the landscape. These are open pits, technogenic subsidence, disturbances created by technogenic accumulation - terricones, dumps, sludge depositories, etc. They are characterized by emergence of toxic rocks on the surface. Vegetation here is developed very slowly, biocenosis are unstable. In case of the complete recultivation (deactivation of toxic rocks, formation of soil cover, and remediation of phytocenosis) the secondary landscapes are formed.  
Mining is one of the most anthropogenic threats for the environment. The mineral deposits are unevenly spread on the territory of the country. The Donetsk Basin in the southeast has large deposits of coal, while the east central Kryvyi Rih area is rich in iron ore. Ukraine also has some of the world’s largest manganese deposits, located in southern Ukraine at Nikopol’. 
But the territories under mineral resources development are subjected to a power pressure on the environment with consequent significant and often critical landscape transformations as a result of imperfect technologies and management.     

The main deposits of the black coal are concentrated in the Donetsk and Lviv-Volynskij basins, the brown coal – in the Prydniprovskij basin. Each basin is characterized by its own peculiarities of the landscape complex; geophysical, geochemical and biogeochemical operating parameters; level of economy development and degree of the landscape degradation (Table 2.6).

Table 2.6
 PROBLEMS OF NATURE RESOURCE MANAGEMENT IN THE COAL BASINS IN UKRAINE 
	
	
	Problems of land use
	Problems of water use
	Formation of nature resource management problems

	Coal basin
	Administrative

oblasts
	General area of  agric. lands
thous. he  as of  01.01.1996
	Lands under total impact of water and wind erosion thous. he
	Lands under water erosion
thous. he
	Discharge of contaminated water into surface water objects, mln cub. m, 2001
	Amount of enterprises discharged return waters into surface water objects 
	Natural, natural-anthropogenic processes
	Anthropogenic processes

	Basins of 

black coal
	Donetsk
	2038.1
	1355.9
	1355.9
	270.1
	249
	Linear soil erosion, areal ablation, karst-suffosion processes  
	1. Mining


	Velykyj 

Donbas
	Lugansk
	1915.3
	506.7
	1215.3
	45.9
	133
	Intensive erosion processes, atmospheric droughts, hot dry wind, balance disturbance between natural and cultural vegetation 
	2. Insufficient equipment with treatment facilities 

	
	Dnipropetrovsk
	2493.2
	0.3
	1000.8
	207.1
	91
	Linear soil erosion, areal ablation, landslides along the Dnipro river, salinization on bottom, deflation and suffosion on dumps 
	3. Contamination with toxic elements of surface and underground waters 

	
	Poltava
	2174.2
	38.3
	355.6
	0.5
	41
	Linear soil erosion, areal ablation, soils salinization, landslides, suffusion and subsidence 
	4. Contamination of atmospheric air, soils 


	
	Kharkiv
	2410.0
	-
	1121.4
	19.3
	102
	Intensive areal ablation, landslides, wind and water erosion, salinization, watering  
	

	Lviv-Volynskij
	Volynska
	1051.3
	-
	105.0
	0.3
	54
	Karst, suffusion and subsidence 
	

	
	Lviv
	1256.7
	0.5
	300.6
	2.2
	109
	Overwetting, watering, linear erosion, areal ablation, deflation, intensive erosion, karst 
	

	Brown Coal Basin
	Zhitomyr
	1544.4
	-
	63.6
	0.1
	92
	Gleyzation, acidification, watering, areal and vertical erosion, suffusion, subsidence, karst formation   
	

	Prydniprovskij
	Cherkassy
	1451.5
	0.2
	361.9
	-
	73
	Areal ablation, deep erosion, suffusion 
	

	
	Kirovograd
	2027.1
	-
	1029.1
	5.4
	61
	Erosion, land slip, landslide 
	


But what they have in common is the development of the mining landscapes G. Denysyk, 1998
The mining industry development is accompanied by condemnation of considerable areas of agricultural lands. After temporal use the last ones are often transferred to a category of an anthropogenic desert. Next to each dumped fill of empty rocks a risk zone is allotted (the first one is 200 m, the second – 500 m) that leads to the significant loss of the land fund. Within such zones the atmospheric air is polluted, the soils are salinized and waterlogged that makes impossible to use them in agriculture. Considerable areas are occupied with the solid wastes from reclamation industry, namely with ash dumps, storage tales, sludge pits. They have a significant amount of toxic elements that contaminate the atmospheric air, soils, surface and underground waters of neighboring and remote landscape complexes.    

The long-term and intensive environment threat is occurred in case of open minerals mining. The mixed horizons of rocks are opened and transformed into dumps of tens and hundreds meters thickness. On the dumps surface the toxic rocks harmful for living organisms are accumulated. Reconstruction of the morphological parts of natural landscapes in the line urochishche – local landscape is also observed.
Coal is the most carbon-intensive fuel, and the cokeproducing and coke-burning industries share an interest in the successful application of clean coal technologies (CCT). CCT are designed to enhance both the efficiency and the environmental acceptability of coal extraction, preparation and use. CCT provide a substantial abatement of polluting emissions together with a significant increase in efficiency. However, the introduction of such technologies requires support, as they require large capital investments and have a long payback period (although their operating costs are lower than those of other technologies).
Ukraine has huge coal resources and a well-developed coal-mining industry. The closure of coal mines would deprive the country of an important domestic source of energy and cause social problems for workers. This is one of the reasons why CCT could be preferred to other electricity supply options. Their implementation could be made possible through measures to promote investment in this sector.
The 2001 programme “Ukrainian Coal” included provisions for increasing the efficiency of the coal industry and lowering its environmental impacts. For example, all newly constructed coal mines are now required to undergo environmental impact assessment procedures. 
Anthropogenic landscapes of the Donetsk coal basin

The considerable territories in Donetsk oblast where different mineral deposits are mined by open way are greatly destructed.
    The Donetsk coal basin is one of the biggest basins in Europe. Its length reaches 550 km from the west to the east. The coal rank here changes from the brown coal on the west to the anthracite on the east. The coal bed thickness varies from 0,4 to 2,5 m. The coal is used in the by-product-coking industry, the high quality anthracites – in abrasive and radio electronic industries; the gas and jet coal is used on the thermal power plants. The characteristic feature of the Donbass coal is a high content of sulfur trioxide and mineral admixtures that decreases its power and technological value.    
The present state of the Donetsk basin landscape components is greatly disturbed. The whole territory of the Donetsk basin is covered with a dense network of industrial sites. The mill sites of metallurgical, by-product coke plants and the black coal mine sites are the main elements of towns’ structure in Donbass. The terricones are the very characteristic feature of the territory of Dontetsk basin (Fig. 2.5). This type of anthropogenic landscape is created as a result of long-term mining activity and represented by the power cone-like hills of empty rocks occurred at the place of underground mining. The terricones occupy 17% of disturbed lands of Ukraine. 

The terricones are also great contributors to the environment threat. The clay-slates removed into the day surface are piled into the terricones. These slates have pyrite in their content that is quickly oxidized with the formation of sulfuric acid and sulfur trioxide. The last two components decrease the acidity of water solutions up to 2,5-3,5 pH. Thus, it makes it impossible to grow any vegetation at these conditions. 

The black coal is mined underground and it causes great disturbance of the landscape structure. The soils and vegetation cover is deleted, the natural hydrological and hydrochemical regimes are disturbed. These phenomena are very spread in the river Samara valley. The extraction of coal beds led to lowering down the floodplain up to 3-5 m lower the underground waters level.  The valuable landscape complexes are being lost as instead of floodplain forests, arable lands and meadows, the water ponds and swampy lands occur.   




Fig. 2.5. An old terricone of Krasnogvardeiskaya mine (of 1898).

Typical view of mining settlement.
One ton of Donetsk coal contains 30 kg of sulfur, 70 g of fluorine, 30 g of beryllium, 20 g of nickel. When the coal is burned, then all the compounds contaminate the air, soils, surface and underground waters. The facilities of the black and nonferrous metallurgy leave slag collection sites rich in toxic elements like copper, lead, sulfur, cadmium, arsenic.   

As a result of this type of nature resource management the zonal motley-feather grass and meadow steppes have not been preserved on the territory of the Donetsk basin. The remains of natural biodiversity can be met on the territory of small nature reserves and on the unsuitable lands – in gullies and ravines, on outcrops.  Some sites of natural steppe vegetation are left in the suburbs of Khartsisk town, in the urochishche Ryadove. Thus, the natural potential of the mining landscapes of the Donetsk basin has been destroyed and the landscape characteristics do not correspond to natural, pre-mineral-resource development characteristic features.  Data on the tense state of the landscape complexes in the Donetsk basin are given in table 2.6.       

Anthropogenic landscapes of the Lviv-Volynskij coal basin

The Lviv-Volynskij coal basin is located on the northern west of Ukraine on the administrative territory of Lvivska and Volynska oblasts. The coal bed thickness varies from 0,6 to 1,5 m. The coal is presented with interlayer of humite and sapropelite. 
At the beginning of mining development a great amount of the Polissya forest was cleared for anthropogenic needs. In 1955 as many as 1898 thousand cubic meters of wood was cut down for the industry infrastructure built up. Later on the wood consuming was significantly   decreased but the recreational pressure on the unique natural complexes (especially on the lakes) to the contrary – increased. The contaminants release from mines, industries and settlements into the water and air environment has also considerably increased. Changes in the rivers regime, their hydrochemistry, lowering of the underground water level became evident. 

This area has a developed network of recreation, health-related complexes because of the development of hydrosulfuric mineral water and therapeutic mud. Close location of the mining area due to operating of the Tyachivske and Karivske deposits creates a pressing problem concerning protection of therapeutic waters from contamination with mine outflows, lowering of their level and flowing into the left underground openings.   
The earth surface here is considerably subsided over the stopes. The subsidence level in this basin reaches 5,5 m. The subsidence favors negative processes like impoundment and inundation. The territory of 800 hectares was flooded in 2000 when the mine “Velykomoskovska” N 5 was in the process of closure. The water contains a significant amount of fluorine that causes fluorosis – the endemic disease of the area. 

However, the natural system of the Polissya having a great absorbing and recovery potential is still able to withstand to anthropogenic pressure.        
Anthropogenic landscapes of the Dniprovskij brown coal basin. The greatest reserves of brown coal are accumulated in the Dniprovskij brown coal basin extended along the Dnipro river from the northern west to the southern east on the administrative territories of Zhitomir, Cherkassy, Kirovograd oblasts. The coal beds occurrence depth is from 10 to 150 m. The coal is mainly soft humite. The main centers of the brown coal industry are located in Vatutine, Cherkassy oblast and in Olexandriya, Kirovograd oblast. The new deposits in Cherkassy oblasts are not developed, but the pressure of the problem is connected with the consequences of the out-of-balance and unpractical nature resource management. The main consequences are connected with considerable development of soils degradation; decrease of humus content; acidification; linear erosion and areal ablation. In the band adjacent to the Dnipro river the level of erosion exceeds 50%.    
Questions & Assignments
    1. Give the definition of anthropogenic landscape. 

    2. What are dominant, subdominant and unique natural complexes?

    3. How are the anthropogenic landscapes classified according to F. Milkov? 

    4. What landscapes types are difened in industrial landscape class? Where are terricones and industrial karsts found?

    5. What landscape types are included into agricultural landscape class? How does husbandry affect the landscape?
    6. What are the main features of settlement landscapes?

    7. Give examples of anthropogenic factors affected landscapes.

    8.  Analyze the contamination of landscapes as a result of oil and gas industry activity.

    9. How are the landscape components contaminated by heavy metals?
   10. Where are the radioactive contaminated sites located?
   11. Where are the main coal basins located? 
   12. What are the peculiarities of anthropogenic stress from mining activity? 

2.4. Degradation and Remediation of Landscape Components 
The main topics of the theme

1. General Overview of Degraded Landscapes.
2. Degradation and Remediation of Water Facilities. 

3. Degradation and Remediation of Lands.
4. Degradation and Remediation of Vegetation Cover.
5.  Landscapes Capability to Self-remediation.
Recommended literature: [10, 27, 31, 39].
2.4.1. General Overview of Degraded Landscapes
Unpractical economic activity destroys the landscape complexes. The great extent of inarable lands involved into the land use at the expense of steep slopes, sand terraces, floodplains, etc. is one of the numerous examples of such unreasonable economy development. As a result of that the outburst of water erosion – soils wash out from the slopes, great increase of ravines formation, silting and drying up of the small rivers and floodplain lakes - is observed through all over the territory of Ukraine.

From year to year we observed the great growth of lands under open pits, mine and other industrial facilities that led to numerous lands subsidence, rocks slide, decrease areas of arable land, etc. The arable areas had also greatly suffered from development of terricones; waste banks; pit refuse heaps, as well as from building of an earth dams, bridges, roads, water reservoirs, etc. The enormous contaminants emitted into the environment from different industries have tangible effect on almost all the landscapes.     

In general, natural landscapes are spatial complexes consisted of solely natural components interacted with each other. The main landscape natural components are rocks, water, air, vegetation, animal world. As it was considered in the chapter 1.3, the following landscapes are usually defined: arctic tundra, tundra, coniferous forest, deciduous forest, forest-steppe, steppe, desert, sub-tropic, tropic, plain and mountainous landscapes (depending on physical and geographical zones). According to different sources natural landscapes are still observed on lands occupied by forests, shrubs, swamps, open lands. 
Throughout the twentieth century, Ukraine’s nature was strongly modified by anthropogenic factors, in particular intensive agricultural practices. Virgin lands were ploughed and mires, swamps and wetlands drained, and forests shrunk. Nevertheless, 29 per cent of the territory is still covered with natural or semi-natural vegetation. As of 1 January 2006, Ukraine had 7,243 specially protected sites covering a total protected area of approximately 2.8

million hectares, or 4.6 per cent of the total territory of the country. In 2006, Ukraine had 33 areas listed under Ramsar Convention, covering a total area of 676,251 ha.
As for today the situation with natural and anthropogenic landscapes in Ukraine is as follows. Around 92% of the territory of the country is involved into economic activity and only 8% is in relatively natural condition (swamps, water areas, rivers, mountains). Almost 82% of land resources are used in agriculture and forestry. Around 40% of industrial lands are slag collection sites, waste piles, storage tales, etc. 97 thousand hectares of lands are disturbed, littery, contaminated, eroded. Up to 2,5 mln hectares are occupied with water objects; 11% of total territory belongs to urban and settlement lands. Less than 5% are under environmental protection; lands for recreation; lands for health-related purposes; and lands of historic and cultural significance. Around 37,6% of especially valuable lands are in agriculture, but 35,2% of them is subjected to water and wind erosion.

Out-of-balance and unpractical nature resource management from the previous century originated the environment situation and the landscape architecture the way we see it nowadays. It is too far from optimism. However, passing by that common negative situation, the level of landscapes degradation is unequal. It is connected with human impact of different intensity depending on territorial differentiation of natural conditions and resources, level of social and economic development and other factors peculiar to different areas of Ukraine.  

At the end of the XX century the percentage of anthropogenic landscapes in Pravoberezhna Ukraine reached 92-95%. Let us consider the dynamics of anthropogenic changes of the Shatski lakes natural landscapes. During the last century all the components of this landscape had been disturbed. The level of underground waters, the total area of swamps had been decreased; the chemical composition of natural water reservoirs had been worsened because of chemicalization of agricultural lands. The comparison of such changes in the Shatski lakes and Volunske Polissya landscapes are given in Table 2.7 (according to analysis of 1:100000 maps and literature sources).

In general, the percentage of tilled lands at the level of 60-80% (from the total area) is considered as unfavourable; 25-60% - conditionally favourable; and less than 25% - favourable. Optimal assessment of tillage is still met in Ukrainian Polissya, mountainous areas of Carpathians and Crimea. Ukraine is characterized by the greatest percentage of tilled lands: just around 8% (5 mln. ha) of lands are in natural conditions (swamps, lakes, rivers, mountains). Agricultural development of the land fund is 72,2%. And the steppe oblasts are characterized by the highest value of cultivated lands: Zaporizzya (88%), Kirovograd (86%); Dnipropetrovsk and Odessa oblasts (83% each); Kherson (82%). A bit lower level is observed in the forest-steppe oblasts, and significantly lower (by 1,5-2 times) within Polissya territory. The percentage of cultivated lands in Ukraine is the highest in the world and the main contributors to that are the territories of forest-steppe and steppe zones. For comparison: the percentage of tilled lands in the USA is 19%, France and Germany – 33%, Italy – 31%, i.e. these factors correspond to favourable and conditionally favourable characteristics. Such a high level of cultivated lands is unfavourable as from economic as well as from ecological point of view. It abruptly decreases a natural potential of the territory, makes it monotonous, and economy activity – highly specialized.

2.4.2 Degradation and Remediation of Water Objects
Degradation of water objects

In 2001, internal renewable water resources per capita were 1,091 cubic metres in Ukraine, compared to an average of 9,089 cubic metres in Europe. Water resources are unevenly distributed in the country. In the north and northwest they are sufficient, while the south suffers water shortages and depends on water transfers, the Dnipro River being the main source of water supply.
Table 2.7
ANTHROPOGENIC CHANGES IN THE SHATSKI LAKES AND VOLUNSKE POLISSYA LANDSCAPES 

	Territories

                                      Years
	Shatski Lakes
	Volunske Polissya

	
	1929
	1951
	1985
	1955
	1975
	1995

	Percentage of forest land, %
	30.0
	31.0
	38.0
	34.0
	33.8
	34.1

	Wetland, %
	35.0
	23.2
	12.8
	17.2
	3.3
	3.4

	Territory under water, %
	11.0
	10.8
	11.1
	3.0
	2.2
	2.5

	Agricultural lands, %
	16.3
	26.8
	30.0
	42.8
	56.2
	55.4

	Land under constructions, %
	7.7
	7.9
	8.2
	3.0
	4.2
	4.5

	Length of roads, km 
	358.0
	400.0
	426.0
	-
	-
	-

	Population density, persons/ km2 
	21.8
	23.5
	36.0
	-
	-
	-

	Factor of landscape degradation 
	0.316
	0.533
	0.618
	0.845
	1.5
	1.5


Human activity leads to contamination of water objects – rivers, lakes, seas. Many rivers in industrial areas remind runoff ditches where ichthyofauna is almost absent. The quality of natural waters is a concern for Ukraine. National data show that about 25–30 per cent of the water of natural water bodies does not meet sanitary standards. Surface water for agricultural use is contaminated by nitrates and pesticides. The nitrate content of well water is more than twice the permissible level. In many areas, surface and ground water are also contaminated by bacteria.
Almost everywhere the surface waters are contaminated with radionuclides, componds of heavy metals, nitrogen, oil products, faeces, pesticides. Ecological conditions of water objects in many regions are considered as crisis ones. According to the State Hydrometeorological Servise data, 15% of water objects belong to the category “practically pure”, 60% - to the category “contaminated”, and 25% - to the categories “impure” and “very impure”.

The percentage of mineral partcles of anthropogenic origin dissolved in surface waters increases from the north-west to the south-east: from 2% in the Polissya region to 43% in the steppe zone, partially in the industrial Prydniproviya and Donbas. The highest amont of contaminants is accumulated in the water objects of the Dnipro river basin – 28%, Severskij Donets basin -17% (O. Marinich, P. Shyshchenko, 2003). 

The Dnipro water reservoirs cascade is contaminated with nitrite nitrogen, heavy metal compounds. Kaniv, Kyiv, Kremenchug, Dniprodzerzhinsk water reservoirs are contaminated with ammonia nitrogen; Kremenchug, Dniprodzerzhinsk, Dniprovske, Khahovske reservoirs – with phenols; Dniprovske water reservoir – with oil products. Consequently Chornobyl catastrophe, the bottom sediments of Kyiv water reservoir are contaminated with radionuclides. Sewage waters of the city of Kyiv affect the hydrochemical regime of Kaniv reservoir. The most contaminated is considered the Dniprovske water reservoir. The water quality here is worse than in other Dnipro water reservoirs cascade.
The water objects of the Severskij Donets river basin are heavily contaminated with easy-to-oxidize compounds, oil products, phenols, and nitrogen and heavy metals compounds. Flows from chemical, metallurgical plants, coal mines, as well as different municipal drains favor the contamination. In summer period reproduction of bacteria in water and silt is activated because of high air temperature.

Water economy stress is exhibited in creation of new complexes (land reclamation, water reservoirs, canals, straightened stream canals, anthropogenic lakes etc.), change of hydrological, hydro chemical regimes of water objects, reorganization of landscape structures of adjusted territories. 
Reclamation, irrigation and other water-related activities are considered as significant factors of landscapes transformation. Suffice it to mention the Dnipro water reservoirs cascade so that to understand the scale of landscape structure changes. Moreover, waterworks influence the climatic characteristics, and so their impact on the landscapes goes out the local scale and considered to have a regional character. 

Hydropower stress is exhibited in change of water object parameters, notably: 1) water reservoirs with parameters determined by the dams’ height and the valleys’ landscape structure have been created; 2) run-of-river regime has been change, pre-conditions for development of green scum, reservoir sedimentation, etc. have been formed; 3) landscape structure of coastal territories is being reorganized because of their flooding, marginal erosion, swamps complexes creation and impoundment within zone of hydrologic impact; 4) vegetation of flooded plains in reservoirs tail-waters is being changed because of absence of the valleys regime; 5) conditions for fish environment and fishery are being changed.
Almost irreversible typological changes of lakes occur because of intensive economy activity. Industrial wastes and sewage outlets, mineral fertilizers and pesticides washed out the fields impound lakes, ponds, rivers with phosphorus and nitrogen. This favors the process of oxygen de-enrichment of the near-bottom layers. Oligotrophic lakes are evolved into eutrophic ones. Sanitary conditions of lake waters are getting worse. 

Eutrophication is a widespread phenomenon in many water objects though all over the country. The reason of it is caused by anthropogenic contamination of waters especially with phosphates and nitrates and weak capacity of landscapes to self-purification. Although total combined industrial and household wastewater discharges decreased, the inefficient treatment of industrial and municipal wastewater is causing eutrophication and bacterial and chemical pollution of the country’s main rivers. The biggest recipients of pollutants are the Dnipro (26%) and Siverskyi Donets (16%) Rivers and the Sea of Azov (4%). The Odesa Oblast and the coast of Crimea are also especially affected because all the major rivers flow southward, discharging waterborne pollution into the Black Sea.
Aquatic vegetation consumes more oxygen that leads to a considerable decrease of oxygen content in water. As a consequence, it causes essential changes in a water object’s biocenosis.
Remediation of water facilities
Remediation of stream canals is a part of a national remediation procedure. Natural stream canals are characterised by meanders that slow down the river current, decrease the stream canal capacity, and influence an inundation regime of a floodplain. In order not to allow an inundation of the territory it used to be performed water disposal out of reclaimed areas. That is why the stream beds used to get straightened for increasing the river capacity. As a result of the stream beds morphology change, floods were decreased and stopped; banks erosion and substances carry-over were increased; water clearing capacity of wetland ecosystems was weakened, and biodiversity of natural floodplain complexes got lost. So, reconstruction of the stream beds morphology is capable not only to rehabilitate the natural water regime of a river, but also to suspend undesirable exogenous processes, reconstruct landscape and biotic diversity of floodplains. Liquidation of dams and embankments on the rivers can also be considered in order to improve ecological situation within floodplains. 
Chemical methods like phosphates precipitation (with aluminum sulfate, iron chloride, calcium hydroxide) are sometimes used in order to remediate hydrochemical parameters of over eutrophicated stagnant reservoirs. Extraction of bottom sediments can be carried out when there is a recognized need to reconstruct the water object depth and reduce the level of eutrophication (as unoxidized bottom sediment absorb oxygen). Water regime change and reconstructive activities at a site of water intake can also lead to normalization of water chemical properties.  
In case of remediation of reclaimed swamps the main task is to raise the underground water level. The basic method used is to fill up the soil-reclamation canals. The activities on reconstruction (raising) of underground water levels at some swamps sites (e.g. Lake Krymno) are being carried out on the territory of Shatski Lakes. Specifically, the construction of overfall dams of a certain height is being made.   

The Dnipro water reservoirs cascade flooded 686,8 thous. hectares; around 30% of the reservoirs area are represented with shallow water of 2 m depth. Their recultivation through construction of protective dams, reclamation-humidifying systems and the following development of agriculture and fishery will lead to creation of secondary landscapes with new functions.
2.4.3. Degradation and Remediation of Lands
Land Fund of Ukraine 

The 2001 Land Code divides the land fund of Ukraine into nine categories: agricultural land; land in urban and rural settlements; land for industry, transport and communication; land under environmental protection; land for recreation; land for health-related purposes; land of historic and cultural significance; land of forest fund; and land of water fund. Each land fund category has its reserves. These categories, and numerous subcategories, form the basis for the definition of rights and obligations, the structure of land use and management, statistical reporting and the division of administrative responsibilities among state and municipal agencies (Environmental Performance Reviews, 2007).

Agricultural land. The situation in agriculture, the main sector for land use in Ukraine, is difficult. Vegetation and soils here are greatly altered and usually controlled by human. Decreasing production in the 1990s led to considerable social problems. Off-farm job creation and improved public services in rural areas are needed to prevent increased rural poverty and continued migration to the cities. Due to the abundance of very fertile land, including over 25 per cent of the world’s resources of chernozem soil, the proportion of agricultural and arable land is very high. As much as 42813,7 41.7 million hectares out of a total of 60354,8 thousand hectares is categorized as agricultural land (Table 2.8). While the proportion of arable land 41569,4 thousand hectares is 68,9 percent, this figure is considerably higher in the southern oblasts. During Soviet times the acreage of arable land was increased over and beyond what made economic sense. A slight decrease in arable land was seen in 2000–2005, and it is likely that economic factors will contribute to lowering the acreage further over time.

The practice of individual possession of small land parcels was introduced in the Soviet period. In rural areas, members of collective farms were granted parcels of land for individual gardens and livestock to produce additional food for their own use and sale. Today almost half of the country’s population has received smallholdings. However not all of these are held in ownership, since many citizens are reluctant to pay the surveying and registration fees needed to claim a State Act (the formal document of ownership).
According to the information from Department of State Land Cadastre data on land resources in Ukraine as of 2010 are presented in Table 2.8.  
Land in urban and rural settlements. Ukraine has a complicated spatial planning system which includes general scheme for planning of the territory of Ukraine, large-scale plans for oblasts, rayons and cities, medium-scale and detailed plans for rural settlements and urban areas, and small-scale plans for parcels and individual buildings. These plans describe in narratives and graphics  the  type  of  land  use,  the   category   of   development, urban services and infrastructures, but for most of the country’s territory they need to be developed or updated. Currently the process of regulating, developing and using the territory is far from optimal. The procedure for obtaining all the necessary permits for a developer is complicated and cumbersome. Failure to identify existing patterns and rights of ownership at the planning and building stages leads to delays in urban development programs, unsustainable  development  and   environmental  degradation.  All
Table 2.8
LAND RESOURCES IN UKRAINE AS OF 01.01.2010 

	The main types of lands and economic activity 


	Lands area

	
	total, 

thous. ha
	% from the total area of Ukraine

	Agricultural lands
	42813,7
	71,0

	  including

	agricultural lands
	41569,4
	68,9

	       among them:

	arable land
	32478,4
	53,8

	fallow lands
	320,8
	0,5

	perennial plantations
	897,7
	1,5

	mowings
	2409,8
	4,0

	grazing lands
	5489,7
	9,1

	other agricultural lands
	1244,3
	2,1

	Forests and other Silva lands
	10591,9
	17,6

	  including:

	lands covered with forest vegetation (silva)
	9675,4
	16,0

	lands not covered with forest vegetation
	198,9
	0,4

	other forest lands
	314,9
	0,5

	shrubs
	402,7
	0,7

	Built up lands
	2499,1
	4,1

	   including:

	urban and rural settlements
	384,5
	0,6

	industrial lands
	222,0
	0,4

	under open exploitation, deposits, mines and accompanying facilities
	150,7
	0,2

	lands of commercial and use
	52,1
	0,1

	public lands
	281,8
	0,5

	lands of mixed use
	28,9
	0,1

	transport and communication lands
	493,4
	0,8

	lands under engineering infrastructure
	65,1
	0,1

	recreation and other open lands
	743,9
	1,3

	open wetlands
	979,4
	1,6

	dry open lands with special vegetation
	17,6
	

	open lands without vegetation or with limited vegetation (stony places, sands, ravines, etc.)
	1029,9
	1,7

	waters (lands covered with surface waters)
	2423,5
	4,0

	Total (territory of Ukraine)
	60354,8
	100,0


over the country there are many sites with unfinished construction because of lack of financing, ownership disputes among the parties, and similar reasons. In this unclear context, political pressure on development projects is huge and corruption is widespread. Pursuant to the Law on planning and building up of territories (2000), public participation in the decision-making process on urban planning must be ensured.

Land for industry, transport and communication. While the Land Code of 1992 did not allow private ownership of land by trade, industrial, transport, service and energy enterprises, it introduced the lease of land by the state to enterprises with the payment of rent. Only after the economic crisis of 1998 and with the 2001 Land Code was the privatization of land under urban enterprises made possible in order to make these enterprises attractive to investors. However, the process of land privatization was slow due to the reluctance of the state and municipal agencies to give away productive land, and to the poor economic situation of most enterprises.
Land under protection. The percentage of lands under protection has been increasing since the last decade. The legislation defines several categories of land requiring protection, which should be under state or municipal ownership: the forest fund, the water fund, lands requiring environmental protection, recreation lands, land with historical and cultural objects, and other lands in exclusive state ownership (mines, energy and transport infrastructure, airports, experimental farms, etc.). The protection regime for these lands provides that the responsible authority requires the user to ensure protection and conservation of the land during and after its exploitation. However, so far, environmental protection has been ineffective due to low financing, lack of trained personnel and equipment, and weakness of the state organizations in charge of land protection activities.

In 1998, most of the lands were still state property. However, in the privatization process, land plots have been allocated to private owners, including lands that are now planned to be put under a protection or restricted use regime. The instruments needed to apply protective measures to private land have not been developed properly, and financial compensation will now be needed to buy or pre-empt lands for placing them under a protection regime, or compensate for land use restriction.

Land of Forest Fund. Forests cover large territories predominantly in the Polissya area in the north and the Carpathian Mountains in the west. All forestland is state owned, and most of it is managed by the State Forestry Committee through its regional and local network of 300 Leskhozes. The economic use of forests is managed either by the Ministry of Industrial Policy or by recently privatized companies. According to official statistics, about 1 per cent of total timber production (84,000 m3) is cut illegally. The illegal cutting occurs not only in forest areas but also in greenbelts of protective trees around agricultural lands.
10591,910 thousand hectares (17.6% of the total land area of the country) are categorized as forest area and 9675,4 thousand hectares (16% of the total land area) are covered with forests (Table 2.8). This coverage is low historically and compared to that in other countries of Eastern and Northern Europe, but the area covered by forests increased by almost 900,000 hectares for the last decade. There are considerable geographic disparities in the forest coverage, from 51 per cent in Zakarpattya oblast to 4–5 per cent in Kherson and Zaporizhzhia oblasts. The forests include five different ecozones: mixed forests in the north, forest-steppe, steppe, the Carpathian Mountains and the Crimea Mountains. A specific problem is the radioactive contamination of forests in the north as a result of the Chornobyl accident. The most important legislations for forestry are the Land Code (2001) and the Forest Code (2006).

According to the Forest Code (2006), forests are divided into four groups: protected forests (34%), recreational forests (8%), forests with environmental importance (14%) and production forests (44%). The proportion of production forests has been decreasing. 68 per cent of the forest is managed by the State Committee of Forestry, 17 per cent by the Ministry of Agrarian Policy and 7 per cent by municipalities. The rest is managed by various authorities such as the Ministry of Defence and the Ministry of Transport and Communication. 1 per cent consists of protected areas under the Ministry of Environmental Protection. According to the present policy, some forest land (consisting of former kolkhoz forests) will be transferred from the Ministry of Agrarian Policy and municipalities to the State Forestry Committee.

Forests will continue to be owned by the state or municipalities, but small forest plots – for example, those planted on unproductive or agricultural land as well as field protective belts – can be private. Extending the acreage covered by forests, improving productivity and conserving biodiversity are important objectives outlined in various policy and legislative documents. In particular, the planting of new forests is an important component of the State Programme “Forests of Ukraine” for 2002–2015. There are plans to increase the rate of planting of protection forests from the current 10,000 hectares a year to 40,000 hectares. The ultimate objective is to “increase the percentage of forest cover to the optimal level in all natural zones”.

Special attention is being devoted to the development of sustainable forestry in the Carpathians, where projects supported by donors are being implemented against the background of an intensive illegal logging and clearance of the mountain slopes. Consequences of drastic floods in 1998 and 2001 in the Carpathians due to heavy precipitation are considered to be worse because of the tree clearance. Forest Stewardship Council certification has been introduced in some forestry enterprises. Illegal logging in forested areas includes cutting of shelterbelts around agricultural land. Violations are investigated by the State Forestry Committee as well as local police. High unemployment and social problems and poverty in rural areas are major contributors to illegal logging.
Degradation of Lands
Fertile agricultural land is a key natural resource of Ukraine. But according to the UN Food and Agriculture Organization (FAO) as much as 76 per cent of the total land is severely degraded by human activities. This high figure results largely from a history of intensive agriculture. The State Committee on Land Resources has estimated the annual economic loss caused by land degradation at more than 22 billion Hrv.
As land degradation is considered one of the major environmental problems, Ukraine joined the UN Convention to Combat Desertification (UNCCD) in 2002. The Convention’s annex on Regional Implementation for Central and Eastern Europe cites Ukraine as an example of serious land degradation. After Ukraine joined the Convention, the Cabinet of Ministers approved priority measures for its implementation. These measures include the development of a number of national programmes targeting land degradation problems and amendment of laws and by-laws in line with the provisions of the Convention.
The Law on land protection (2003, No. 962-IV), the Law on land use arrangement (2003, No. 858-IV) and the Law on state control of use and protection of land (2003, No. 963-IV) include provisions to restrict improper use of land, but resources for ensuring their application are limited. A State Program for the land use and protection in 2006–2015 is being developed and includes soil protection measures at the farm, village and rayon levels. The program envisages decrease of arable land by over 3 million hectares and includes measures to improve soil quality. Significant resources from the state budget will be needed for the implementation of this program. Considering the state of Ukraine’s economy, it could be argued that a less ambitious but more focused program would have a better chance of being prioritized and implemented.
Soil fertility has declined in Ukraine (Fig. 2.6). Soil fertility is a complex characteristic and depends on several factors such as humus content and level of plant nutrients. Increased cultivation of row crops, in particular sunflower, as well as cereals is decreasing the humus content of the soil. 
The drastic decrease of fertilizer use is another important reason for declining fertility. Other factors decreasing fertility are soil compaction by heavy tractors and destruction of the soil structure by irrigation, in particular where water has a high pH.
Before 1991, Ukrainian agriculture used mineral fertilizer intensively (141 kg/ha in 1991), which led to nutrient leaching. Due to the economic crisis the use of mineral fertilizers fell to low levels (22 kg/ha in 2003).
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A decrease in livestock production after 1991 led to a reduction in nutrient leachate from manure and urine, although this remained a problem. Both mineral and natural nutrient leaching are on the rise again, although from a very low level. The use of pesticides in agriculture has had two effects: leaching to the surface and groundwater, and the presence of pesticide residues in products. Pesticide use diminished in the 1990s but is expected to increase again. The storage of obsolete pesticides in inadequate conditions could be dangerous. About 19.3 thousand tons of obsolete pesticides are stored at 4,983 storage facilities of agricultural enterprises, and 33 per cent of the storage sites do not meet sanitary and environmental requirements.
Ukraine’s soil is prone to erosion, and over 30 million hectares (i.e. about half Ukraine’s total territory) of land is strongly affected by erosion. Some agricultural practices, like planting too large a proportion of row crops (sugar beet, sunflower, etc.), exacerbate the problem. Undefined land ownership during the transition period may have led to a neglect of land protection and has increased the risk of erosion. Undefined ownership rights have also led to illegal cutting of tree belts that serve as wind breaks around farmland. Soil erosion is a significant problem which also decreases humus levels in soil (Fig.2.7, from Atlas of Ukraine, 2000, Institute for Geography NASU).
Ukraine’s relief and climate and its very high proportion of arable land make erosion a widespread natural phenomenon. About a third of the arable land is threatened by water and wind erosion. Poor land management practices, such as crop cultivation on steep slopes, excessive cutting of forests, shrubs and bushes, and overgrazing accelerate erosion. As a side effect erosion is causing sedimentation in rivers, lakes and water reservoirs. The most severely affected oblasts are Dnipropetrovsk, Donetsk, Kirovohrad, Luhansk, Odesa and Kharkiv.

Erosion by water is a major problem, in particular on agricultural land situated on hillsides. Landslides are a severe form of water erosion. The highest risk of landslides is in the Carpathian region and on the Crimean peninsula. Valuable land is also lost to sea abrasion along the coasts of the Black Sea and the Sea of Azov.
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There are many ways in which water erosion causes damage. Soil is lost, plant nutrients are removed, texture changes, structure deteriorates, productive capacity is reduced, fields are dissected, and sediments pollute streams and lakes and pile up on bottomlands, in stream channels, and in lakes and reservoirs. In Ukraine each hectare of a plowland loses 15-18 mt/yr of surface soil, whereas tolerable soil loss should not exceed 2-3 mt/ha×yr on soddy-podzolic and 5 mt/ha×yr on chernozemic soils. Erosion also damages buildings, roads, bridges, and other engineering structures. Soil sediment is the greatest single pollutant of surface water. 
Erosion by wind is affecting over 13 million hectares of land (Table 2.9, UNCCD Country Profile, 2006). Zaporizhzhia, Luhansk and Kherson oblasts and the Autonomous Republic of Crimea are the most severely affected. 
Table 2.9
LAND DEGRADATION IN UKRAINE 
	Land degradation
	Land area

	
	million ha 
	percent of 
total area

	Wind erosion
	13.3 
	22.0

	Water erosion
	19.4
	32.1

	Combined erosion
	2.1
	3.4

	Soil acidification
	10.7
	17.7

	Soil salinization
	1.7
	2.8

	Soil alkalization
	2.2
	3.7

	Land slides
	0. 2
	0.3


Wind erosion is greatest in semiarid and arid regions. It is so when the form of wind erosion is a dust storm. But in Ukraine even in the semihumid areas of the Forest zone a slight form of wind erosion occurs locally known as “pozemka” on very light textured soils used as cropland. Another “slight” form of wind erosion in Ukraine occurs in the valleys of the rivers with drained and “overdried” peat soils. This form of erosion – a small dust storm along the river valley, takes place mainly in the Forest zone (Polissya). 

While no systematic inventory has been made since 1996, erosion is still a major concern and has been worsening in the last decade. Land privatization has decreased the size of fields to some extent, which is a positive factor. However, the proliferation of short-term leasing contracts for land may decrease farmers’ interest in considering land use in a longer perspective. Increased cultivation of row crops and cereals is another negative factor. Anti-erosion measures such as cultivating the soil across the slopes and optimal crop rotation are applied less than earlier. Terracing and planting of new forest protection belts has ceased, and the existing protection belts are damaged by cuttings.
Acidification is also a substantial problem. Vinnytsia and Kirovohrad have large acreages of acidified land. Salinization is decreasing, as the use of irrigation has decreased substantially during the past 15 years. Around 1.7 million hectares are identified as saline (Table 2.9). Significant acreages of saline land are found in Kherson oblast. Management of contaminated sites is generally weakly developed, with the exception of the areas contaminated by the Chornobyl accident.
Remediation of Disturbed Lands
The soil cover is the main factor of the landscape complexes functioning as it is directly responsible for the content and bioproductivity of vegetation components. That is why lost of soils biological and economic value effects the landscapes state and their remediation. The land resources as the objects under use, monitoring, protection, remediation, etc. are provided with a more developed regulatory background comparing to landscapes themselves. Therefore land management regulation has to be successfully used for development and realization of measures directed on the landscapes reconstruction.     

As it was mentioned earlier, anthropogenic stress of the landscapes consists in disturbances of the land and vegetation cover, change of hydrological regime of the territories and water objects and other negative consequences. By disturbance of the land cover we mean extraction of a humus layer, the soil contamination, change of the territory relief, especially in case of formation of open pits, dumps, storage tails, sludge pits, and etc. that additionally contaminate adjusted territories. The land cover disturbance is occurred under the influence of natural and anthropogenic processes like water and wind erosion.
Territories of disturbed lands are widespread through all over the country and the situation is so serious that it requires the improvement of not only normative documents for the land use management, but also standards directed on regulation of recultivated lands. Such standards were inherited from the former Soviet Union and are still in use in Ukraine [28-30]. 

The process of reclamation of non-production or low-production lands includes at least two stages. The planned measures should be finished with formation of a fertile layer during the first (technical) stage. To this effect, the surface of disturbed areas is enriched with the fertile or potentially fertile soils transformed from other sites. The second (biological) stage is directed on renewal or improving the fertility of soils from remediated territories and formation of vegetation cover. Biological methods are widely used to increase the fertility of such territories. Specifically, cultivation of legumes causes positive effect on the soil quality as it favors to increase of nitrogen-bearing nutritious components. 

After that it is recommended to move to a stage of recultivated lands usage for economic needs. In case if the quality factors correspond to standard requirements, these lands can be widely used, for example, for ploughed lands formation or growing of agricultural products. 
Restoring soil fertility is difficult. Nutrients can always be replaced, but humus content cannot be stabilized without changes in crop rotation. There are different ways to supply organic matter to the soil. Addition of manure, sludge from wastewater treatment and organic waste from different types of production are among the options. Increasing the acreage of forage crops, in particular perennial grasses, in balanced crop rotation is another. Despite the range of opportunities, today none of these options is broadly used in Ukraine’s agriculture. Due to the contraction of the livestock sector, both the acreage of forage crops and the use of organic fertilizers have decreased since the 1980s.

Troeh et al., (1991) formulated the principles of water erosion control: 
· reduce raindrop impact on the soil; 

· reduce runoff volume and velocity; 

· increase the soil’s resistance to erosion.

Many different practices have been developed to reduce water erosion. Not all practices are applicable in all regions. Soil conservation begins with proper soil survey and land use planning. Land should be used according to its capability. Plowland should not extend itself to slopes over 5° (9%) and row crops should not be cultivated on the slopes over 3° (5%). Slopes over 9% should be used for grasslands, pastures and afforestation. Conservation tillage should become a must on arable lands and include a proper residue cover management up to no-till where necessary. Proper land use planning should be based on contour farming. Multiply cropping and strip cropping should compliment contour farming. Conservation structures, including terraces and diversions, grassed waterways, gully control structures; earthen dams, etc. should be employed where necessary. Wind breaks and shelterbelts as well as vegetating mining and conservation sites should be employed systematically. That will help to compliment soil conservation with soil and water pollution control. Troeh et al., (1991) call their reader’s attention to the fact that historic soil erosion rates have changed as land use has changed. Much of the land in the eastern United States, which contributed much sediment to streams and rivers a hundred or more years ago, has been removed from cropping. Lower erosion rates resulted from abandonment of land for cropping and returning it to forest. But in the past few decades, much of this land has experienced a high erosion rate because of urbanization, construction of shopping centers, roads, and housing areas. Such an experience should not go unnoticed by Ukrainian land planners as the area of urban lands here is rapidly increasing. 

Contour farming is effective for wind erosion control. Wind-breaks of trees and alternate strips of crops can be used to reduce the effective field length exposed to the wind. Wind erosion is inversely related to the degree of vegetative cover. Growing crops and the residues of previous crops are effective in controlling wind erosion.

Stubble mulch tillage – tillage that leaves plant residues on the soil surface complimented by shelterbelts, is popular in wheat producing regions with moisture-deficient climate.

Deep plowing has been used to control wind erosion where sandy surface soils are underlain by spodic horizons that contain 20-to 40 percent clay. This kind of plowing was used in the USA (Kanzas and Texas) and increased the clay content of the surface soil by 5 to 12 percent, in some cases (Foth, 1990). Since 27 percent clay in the surface was required to halt soil blowing, deep plowing itself resulted in only partial and temporary control of wind erosion. When deep plowing was not accompanied by other soil erosion control practices, wind erosion removed clay from the surface soil, and the effects of deep plowing were temporary.

Organic soil areas of appreciable size are frequently protected from wind erosion by planting trees in rows-windbreaks. So it is done in the USA. But such a practice must be limited however, because of the large amount of soil that they take out of crop production. Shrubs are also used for the purpose. For example, spirea is popular as a wind break. Trees and shrubs also provide cover for wild life. The lightness of dry organic soils contributes to the wind erosion hazard. Moist organic soil is heavier and particles tend to adhere more. That is why the depth of watertable on dried (drained) peats should be maintained within 0.9-1.5 meters. Use of an overhead sprinkler irrigation system is helpful during windy periods, before the crop cover is sufficient to provide protection from the wind. Rolling the muck soil with a heavy roller induces moisture to rise more rapidly by capillarity, thus dampening the soil surface. In the way of a summary it would be reasonable to state that wind erosion control is based on one or more of the following:

· trapping soil particles with rough surface and/or the use of crop residues and strip cropping;

·  deep plowing to increase clay content of surface soil and simultaneous use of other erosion control practices;

· protecting the soil surface with a vegetative cover.
Some farmers are wise enough to start moldboard plowing at the start of a wind storm. This increases surface soil moisture and humidity of the surface air, which rapidly increases the critical wind velocity and wind storm does not start on plowed area. In Ukraine the employment of windbreaks and shelterbelts to protect fields is ubiquitous and systematic. 

The essential and the most feasible way to remove the salts from the soil is the leaching of the latter to a sufficient depth with the employment of horizontal, vertical or combined drainage. Other techniques include the following. 

Mechanical removing. The salts, or rather soil crusts, are scooped up and moved beyond the limits of irrigation area. Such an operation is useful before leaching. 

Plowing down of salts is employed when lower soil horizons are not saline and salts are concentrated in surface horizon, but even in them the salinity is not too high. In this way the salts may be “diluted” in a plow layer to concentrations, not toxic for crops. 

Surface leaching is employed to remove the salts from the root-abundant horizons of heavy-textured soils with low infiltration rate. Considerable volumes of water (up to 20-30 thousand m3/ha) are applied to the soil divided in portions with a certain pattern in time. Very often surface leaching is combined with the cultivation of rice or fish breeding on irrigated areas. 

Management of salt-affected soils should be centered around the maintenance of salt balance for a given field or irrigation project. The quantity of salt leaving an area should be greater than or equal to, the quantity of salt entering the area if long-term agriculture is to be maintained.
2.4.4. Degradation and Remediation of Vegetation Cover

The present-day ecological conditions of forest landscapes are characterized by a great increase of afforestation activities on one hand, and on the other hand – by intensity of anthropogenic stress on vegetation cover that disturbs a natural sustainability of forest ecosystems. Uncontrolled afforestation sometimes leads to loss of native forests. For example, oak-pine forests on Polissya area and on some river terraces in the forest-steppe zone have been changed on pure pine ones. In the Mountainous Crimea monodominant deciduous forests appeared on the southern macroslope instead of native mixed coniferous-broad-leaved ones. On the western macroslope of the Carpathian region ecologically stable mixed forests have been changed on unstable fir monocultures.

As much as 3,5 mln ha of forests have been disturbed because of the Chornobyl accidend that caused severe restriction in forest usage and improvement of fire-prevention safety. Around 2,5 thous. ha of forest plantations had been lost because of industrial emissions for the last decade. On the average around 3500 forest fires occur on the territory of 4000 ha annually. Disturbances in a natural sustainability of forests leads to increase in vulnerability of planted cultures.
The forests safeguard of authorized state bodies of forest economy and safeguard of permanent forest users have to defence and protect forests from clearing, damaging, insects and disease injuring, and poachers.
The forest monitoring is a component part of the state monitoring system and carried out according to the Law “About Environment Protection”. The following components are included into the forest monitoring:

· monitoring of forest vegetation;

· monitoring of forest fauna, including hunting one;

· monitoring of forest soils;

· monitoring of lands included into forestry needs but not covered with vegetation.

The state forest service organs carry out forest management that includes:

· topography-geodesy measurements and special forest mapping;

· the forest fund inventory, icluding qualitative and quantitative characteristics of forest vegetation;

· determination of vegetation for clearing; measures concerning forests remediation, plantation, irrigation, defence and protection;

· biological and other scientific researches, etc.

Here we are supposed to consider the remediation of vegetation cover on the territories where the loss of soil layer is insignificant. The remediation of forest landscapes are described keeping in mind that the same approaches can be used in other natural zones. 

The landscapes of mixed and broad-leaved forests are characterized by almost dense forest cover in their natural state. Anthropogenic activity has changed the forest cover widespread. However, the situation is referred to those that can be improved without principal complication: remediation of vegetation cover is known as one of the simplest, the most available, but at the same time effective approach to the landscapes remediation. Reforestation can take place naturally and artificially through forest planting. The natural forest development is going on well in case if the site under plantation is located close to natural forests.  The plant types capable to active propagation are grown first, for example, a drooping birch. Such types are not longevous and over time (in 50-100 years) their role in arboreal vegetation decreases. On a large scale natural reforestation is being carried on in the Chornobyl Exclusion Zone. This phenomenon is also widespread on the territory of the Ukrainian Polissya where land cultivation was interrupted because of economic reasons. 
Existed activities on afforestation and standard acts they are regulated by do not implicate completely the idea of protection and reconstruction of natural diversity. For example, a great attention is paid to producing capacity of homogeneous stands (штучні насадження). But especially high producing capacity is usually characteristic for alien crops and their wide use in case of afforistation is considered as biotic contamination of the territory. Propagation of aliens and indigenous species on the nature reserve and adjusted areas does not have to be occurred. As, for example, Archangel Fir does not have to be raised on loamy soils. When speaking about forestry management, a great attention is usually concentrated on an arboreal layer formation. That is why a grass layer in homogeneous stands is considerably different from the one in natural forests. 

Reconstruction of forest ranges is considered as a way of the forest vegetation remediation. It consists in replacement of arboreal vegetation of little value into more valuable types through the way of propagation of forest cultures or forest clearings. In the Ukrainian forestry coppice are often replaced with the seed plots and derivative arboreal vegetation (like aspen, birch) – with cultures typical for native forests. Forest reconstruction is undesirable within territories of high level protection, in nature reserves. Elimination of anthropogenic impact there has to be occurred through spontaneous natural remediation.

Controlled reforestation of the territories is carried out in the other landscape zones but the purpose of such measures can be different. For example, in the steppe and forest-steppe zones a limited reforestation is carried out for the purpose of wind erosion and hot dry wind consequences prevention. Reforestation of significant territories on the south of Kherson oblast favored to decrease of negative impact of Oleshkivski sands. However, those processes were directed on creation of new landscape complexes but not on renewal of those, lost under man-caused activity. 

The activity on species reintroduction (turning back native species to the environment) can be considered as one of different techniques of natural complexes remediation. Introduction of the key species into the ecosystem is a bit different form of remediation. It might be needed to maintain the ecosystem structure and function, e.g. trophic chains. If an indigenous species is capable to carry out functions of a key species, then reintroduction of that indigenous species is of high value for remediation of the ecosystem structure as well as for protection of this species itself. By indigenous species we mean aboriginal species for the certain territory which are genetically pure (not hybridous ones). However there are cases when remediation of an indigenous species is not possible because of its global extinction. Then it might be considered to introduce its functional analogue (M. Grodzinskij, 2003).    

2.4.5.  Landscapes Capability to Self-remediation
Phase down of usual human activity gives impetus to self-remediation of natural complexes. Integration of remediation of vegetation cover of initial natural system (before the human impact) and reconstruction of physical and chemical properties of soils are characteristic for the processes of self-remediation. As a result, conditions for development of biomass accumulation and distribution in the system, conditions for transformation of atmospheric precipitations are being changed. Then, as a consequence, processes of infiltration, water and wind erosion, biogenic fixation of elements are also being changed.

Self-remediation processes are considered as universal ones and they go on almost far and wide where human activity is phased down. Sad occasion to observe such processes in the left settlements one can have travelling through over the territory of Ukraine – houses are gradually being broken down, grass canopy and shrubs are being developed in the yards. Over the years redistribution of vegetation components will be carried out and wood species will become dominant ones. The former arable lands, that have not been cultivated since the collapse of the former collective-farms system, are the other example of natural complexes self-remediation. Vast fields covered with shrubs and young wood species are extended from the north-eastern lands to the west of the country.

The telling example is known to be the Chornobyl Exclusion Zone where human effect is almost neutralized. Rapid development of vegetation, increase in the number of birds and mammals, partially, hoofed mammals, developed for the last years, can create a mistaken illusion about stimulating effect of radiation on local biocenosis.

The mentioned examples prove that landscapes remediation can be developed naturally. These processes are observed almost in all natural-geographical zones. We have to be aware concerning the term “remediation”. As it is written in Collins “remediation is the action of remedying something, esp. the reversal or stopping of damage to the environment”. It would be probably more correct to use the term “evolution” of landscapes. In case if a person does not intrude into such processes natural complexes do not remedy all the initial characteristics, some of them are lost but new ones can appear. If a person intrudes into the processes, then we can talk about the landscape “reconstruction” as the landscape characteristics interesting for human beings are being reconstructed.     

There are a few important reasons explaining the need of human intrusion into the process of landscape complexes remediation. Firstly, the level of landscape degradation can be very significant and the processes of remediation can last for a long time. It is referred to the territories of mining activity or those ones heavily contaminated with industrial emissions. Secondly, the natural complex remediation can go on in a different direction which is undesirable for the human. That is why a reasonable intrusion vectors development of natural-anthropogenic system and modifies time frames. Thirdly, the human intrusion can be unavoidable in case of emergencies prevention (like localization of radionuclides development in soils, etc.). 

However, even in case when people do not interfere into development of remediation processes, monitoring and research of such systems enrich our experience and understanding of what it is going on. The practice of geobotanic and forest typology research in the Chornobyl Exclusion Zone allowed us to frame a knowledge system about sequence and rate of vegetation component successions and connected with them other components (e.g. soils) of natural complexes. The research results formed the basis for predictive estimate of the contaminated area development and evolution of water, air and biogenic migration of radionuclides. Knowledge about mechanism of radionuclides migration can be used in case of controlled remediation of other disturbed landscape complexes. 

   Questions & Assignments
    1. How are the main water arteries degraded as a result of heavy anthropogenic stress? 

    2. What are the main water related activities caused a high landscape transformation?  

    3.  What is the phenomenon of eutrophication about?
    4. What methods can be used for the water landscapes remediation?

    5. How is the land fund of Ukraine divided according to the Land Code 2001?

    6. How is the soil fertility declined during the last decades?
    7. What types of soil erosion do you know?

    8. List the anti-erosion measures applied in Ukraine.

    9. What are the ways of restoring soil fertility?
   10. How are the salts removed from the soil?

   11. How can the vegetation cover be remediated?

   12. Characterise the landscapes capability to self-remediation.
2.5. Assessment of Anthropogenic Stress on Landscapes

The main topics of the theme

1. Phytovariant, Hygrovariant and Lithovariant Landscape Complexes.
2. Criteria for the Assessment of the Landscape Complexes. 

3. Classification for Phytovariant Landscape Complexes of the Chornobyl Exclusion Zone.
4. Assessment of Correspondence of Anthropogenic Landscape Complexes to their Autochthonous (Invariant) Analogue.
Recommended literature: [14, 15, 17].
In spite of different functionality of man-caused transformations and diversity of originated modifications, all anthropogenic landscapes are characterized by the remoteness from their original condition (invariant). This qualitative factor (measure) is traditionally used as a criterion for the assessment of anthropogenic changes of the landscape complexes (LC). 

The principle of inequivalent role of each component in generation and functioning of landscapes neoformations and in ponderability of certain components changes is considered to be fundamental for anthropogenic landscapes classification. By ponderability we mean changes that might become obstacles to potential remediation of original conditions for the certain urochishcha. Thus, in accordance to the degree of man-caused changes in the direction of their increase, the anthropogenic landscapes can be classified as phytovariant, hygrovariant, and lithovariant (V.Davydchuk, 1985). Phytovariant landscape complexes with changes in soil-vegetation components are characterized by significant potentiality to remediation of the invariant (original condition). Hygrovariant landscape complexes with changes of humidification regime can be remediated on condition that return to original humidification regime is possible. Changes in soil and vegetation components can be recurrent. Lithovariant landscape complexes with changes in lithologic base are characterized by the greatest man-caused changes. Soil and vegetation cover, humidification regime have been transformed irrevocably. 

Criteria for the assessment of the landscape complexes according to the ratio of man-caused changes have a high ecological value. It reflects the ratio of recurrence of man-caused changes, capability of anthropogenic landscapes for remediation of disturb components, direction and intensity of compensation processes in case of their natural remediation or a need of the certain measures for recovery of a natural potential. 

Within each of the three classification groups of anthropogenic landscapes the ratio of man-caused changes is also different. Keeping in mind that the main background of landscapes (on their area) is occupied by agricultural, forest, and meadow landscapes, primarily the attention should be paid to the research and improvement the methods for determination of ratio of man-caused changes for phytovariant LC as the closest to the natural ones.

On the one hand, development of the vegetation groups classifications depending on their remoteness from primary natural cenosis (including those occurred because of anthropogenic disturbances) and formation of correspondent terminology is considered to be a geobotanic problem. The basic concepts in the theory of vegetation dynamics are connected with the American school, especially with the name of F. Clements (V.Krapivin, 1978). F. Clements created the sequential conception of autogenic ecological succession (vegetation fluctuation) as consistent process of vegetation change in direction of a stable state – climax. On the other hand, considering the vegetation cover as a landscape component, the vegetation widespread is also thought to be a geographic aspect of knowledge. The theories of climax as a final stage of an evolutionary development of the landscape phytocomponent, the concepts of autochthonous (korinnyj), conditionally autochthonous (umovno korinnyj) landscape complexes were formulated in geography (V. Sochava, 1978).

M. Petrov et. al. (2005) offered a classification for phytovariant landscape complexes of the Chornobyl Exclusion Zone (ChEZ) where the processes of their self-remediation had been developing. The main factor of these landscapes transformation is turned out to be the past and present anthropogenic stress but not the radiation contamination of the area. On the territory of the ChEZ the anthropogenic activity is very much limited or almost absent. So, this territory serves as a model polygon for research of the vegetation cover remediation processes (M. Petrov et. al., 1998, 2005). The research principals proven on the example of the ChEZ could be used for determination of the ratio of man-caused changes of other landscape objects. The landscape complexes of the ChEZ are classified as agricultural, fallow, digression-demutation, seral, derivative, autochthonous, conditionally autochthonous (V. Davydchuk, 1994). 

Agricultural LC. Closed vegetation cover existed during a vegetation period creates tilled or, grain crops, or sowing perennial grass. In a self-remediation regime agricultural natural complexes are transformed into fallow lands. In case of forest cultures planting before the closure of their heads the complexes are transformed into digression-demutation types, and after the closure – into derivative ones.

Fallow lands are created on arable lands where agricultural activity was interrupted. If none takes measures directed on formation of zonal vegetation type, then cultural field vegetation is spontaneously replaced with the natural ones. The vegetation change process on fallow lands depends on edaphic conditions or on sites location relatively sources of plants diaspore. In case of close sites location numerous plantlets of arboreal types-pioneers appear in 5-7 years after interrupting of soil cultivation. Some more years passed and they close their heads, and fallow lands are transformed into the seral LC. In case of unfavorable conditions if sources of plants diaspore are located farther than 1-1,5 km, then formation of seral LC can last for 30-50 years and longer until seeds sources come close enough for propagation. So, for efficient use of fallow lands as parts of ecological network, it is necessary to create artificial cenosis close to autochthonous ones by their content or to sow a certain amount of plants-edaphicators.  The last ones will serve as a source of plants diaspore and favor the formation of zonal cenosis.   

Digression-demutation LC. The perennial grasses capable to self-remediation in a haying regime predominate in the vegetation cover. Less characteristic here are shrub and arboreal vegetation. The example of such complexes is considered to be hayfields and grasslands – territories with limited practical use. 

Seral LC. In case of absence of the main arboreal type remediation, then the pioneer zonal types appear. Such objects are present in the content of an ecological network not only in corridors, but also in the content of ecological nucleus – objects of natural-reserve fund where the clearing also takes place. After one or several generations of a pioneer type development, the conditions for creation of a zonal type-ediphicator are formed in natural way. In course of time it replaces a pioneer type, and the natural complex obtains characteristic features of the conditionally autochthonous one.

Derivative LC. The phytocomponent of these complexes is formed by a type-ediphicator that creates vegetation at the age from the heads closure to the polewood age end and beginning of the vegetation fruitage. As a rule these are one-layered one-type phytocenosis. Artificially created forest plantation is an example of a derivative landscape at the mentioned age. 

Conditionally autochthonous LC. The phytocomponent of these complexes is created by one generation of a type-ediphicator. The first generation either is planted by people in a certain edaphotop or appeared in a way of natural remediation under crone of seral vegetation. As a result of rarefying of the first generation, the transformation into autochthonous LC takes place. The majority of the natural-reserve fund objects in the forest zones of Ukraine are referred to conditionally autochthonous LC.

Autochthonous LC are those where natural ancestral forests are saved and also those that reached the complete remediation of vegetation and other natural components. Life vegetation forms adapted to corresponding zonal conditions are the base of phytocomponent here. The type-ediphicator population is composed of not less than two generations.

Not all from these classification units are considered to be typical for ecological network objects. But they can be formed on conditions of agricultural and other lands condemnation for the purpose of creation on their base ecostabilizing zones. This classification is thought to be logical sequence of possible variants of landscape complexes with changes in phytocomponent and can be used in case of assessment of the ratio of man-caused changes. In general, the landscape complexes that will compose the ecological network of Ukraine may correspond to this factor: from autochthonous and conditionally autochthonous (the LC of reserve territories) to those subjected to greatest man-caused changes (but could be remediated) with disturbance in lithological base (open pits, terricons, dumps etc.).

The method for determination of the ration of man-caused changes is based on the comparative data analysis about landscape complex invariant and its anthropogenic changes (present analogue). Available materials on inventory mapping of the nature components state-of-the art have to be used for the certain objects research.  As appropriate materials the following can be considered: the forest management materials (maps of forest plantation and taxons’ descriptions); the maps of lands’ use; the maps and schemes of natural meadow lands; the mapping and descriptive materials concerning mineral resources mining sites, etc. The map of LC invariant correspondent to the level of research (local, regional, national) is a compulsory condition for such investigations. Surveillances on location, the field research of landscapes anthropogenic changes is a prerequisite for the assessment of the ratio of man-caused changes for the elements of ecological network of the local or regional level. These researches performed for the landscape representative elements are the base for the data generalization on the landscape network of Ukraine.

Data on the ratio of man-caused changes is the base for scientific prognostication of possible rate and direction of landscapes remediation and for assessment of the LC inclusion into ecological network of Ukraine. Assessment of the ratio of man-caused changes is closely connected with determination of permissible anthropogenic stress on the landscape ecological network objects and with projection models of their remediation.

The conceptual base for anthropogenic LC assessment is the recognition of their genetic identity with invariant natural LC. The main principals for anthropogenic landscapes research are the same as in case of natural landscapes research – the principals of objectivity, genetic generalities, system approach, relative homogeneity. One of the main important is the principle of inequivalence of landscape factor formation. This principle states that lithologic base role is one of high priority. The sequence of factors (lithogenic – hygroclimatic - biogenic) taking into account man-caused effect on the certain landscape components, is considered to be the main principles of anthropogenic LC classification. Classification of anthropogenic LC of Ukraine and assessment of their correspondence to autochthonous (invariant) landscape analogue (%) is given in Appendix 4 (V. Bokov et al., 1998).
When planning measures concerning landscapes remediation, one more component of anthropogenic change has to be taken into account - the LC contamination. Contaminants of anthropogenic origin are released into environment and negatively affect the natural ecosystems and human beings. The assessment of negative impact has to be complex. The criterion for that negative impact for each substance is known to be permissible concentration (PC). But in that case the cumulative effect of all the contaminants is not taken into account. To assess the cumulative effect on the human health and on the ecosystems it is proposed to use the principle of eqiudosimetry (P. Balan, 2003). This principle means processing united factors for the assessment of different substances impact (radionuclides and chemical contaminants).
Development of principles for the assessment of complex impact of anthropogenic contaminants into ecosystems, into biotic and abiotic landscape components is thought to be reasonable in case of LC research. As an example one can refer to a system radio capacity: the term means the level of radioactive contamination that does not lead to disturbance of the ecosystem integrity (P. Balan, 2003).
The formation of new anthropogenic landscapes, for example, terricones, dumps, etc. leads to increase of landscape diversity, Ye. Ivanov (2000). Because these new formations are considered as multiplicity of their natural and anthropogenic invariants, they really broaden variability of landscape forms. More over the mentioned objects were created as solely anthropogenic ones; but they function and develop according to natural laws, because of influence of natural factors, in regime of self-development and without essential support of human activity. On the other hand, engineering constructions are also referred to anthropogenic LC.  Determination of “quadrate“or “rectangle” landscape forms (in the class “urban settlements” – subclass “housing” – types “low-rise …. high-rise”) is referred to the other kind of anthropogenic impact. Such elements in anthropogenic landscape science are considered as block-like integral geosystems that are developed according to natural laws but at the same time have social features determined by the laws of society development [20]. From the point of mass-energy content view, hardly ever any cordon exists between the natural and anthropogenic blocks of such creations. 

Some scientists consider engineering constructions as analogues of natural landscape elements in the system of natural connections (A. Isachenko, 1991). Such approach may be considered as a reasonable one at least for those cases, when the natural landscapes included geotechnical systems are subjected to the process of self-remediation. Engineering objects have to be considered from the point of view of their external reactions, taking into account their physical characteristics and volumetric parameters essential for the processes of mass-energy transformation. Impact of engineering constructions on the landscape functioning is significant and can be an object of separate applying researches. 

Natural-engineering systems are considered as variant of integral geosystem (included subsystems “nature” and “society”) where interaction of nature and engineering are of the first priority. As a result of interaction of natural and engineering elements in the natural-engineering geosystem, connections are so strong that neither of the elements separately is able to perform social and economic functions of the whole system. The very important direction of such researches is participation of landscape experts in design of natural-engineering geosystems. One of the geoecological principles in design of natural-engineering geosystems, is territorial differentiation - consideration of natural and social-economic conditions of each region (T. Alexandrova et al., 1985).   Authors pay attention that it is important to take into account enormous diversity and differentiations of geosystems of different ranks as they are characterized by unequal stability towards anthropogenic effects, unequal capability to self-regulation. So, at the stage of natural-engineering geosystems design it is necessary to keep in mind not only landscape structure but also landscape diversity of any particular territory.  Complex monitoring of an engineering block effect on landscapes, changes occurred because of their mutual functioning is considered as an obligatory element of a geoecological project. Geosystems are characterized by their stability (for engineering constructions – because of maintenance by people) as well as by changeability, availability of anthropogenic variants.

From the point of ecological safety view, such planned in advance transformations of natural-landscape complexes are considered as positive changes that do not create threat for population health. The other type of landscape changes, caused by anthropogenic stress of risky character and above threshold level of effect, is known as destructive landscape transformation that creates adverse conditions for life and economy activities. The question is about the pressure caused by industrial activity (environment contamination with toxic substances, disturbance of surface cover, destruction of vegetation species, etc.); agriculture (water logging, salinization, swamping, etc.); military activity (destruction of surface cover) and others.

Because of such activity, the present landscapes of Ukraine are subjected to a different level of economic transformation. Determination of this level is possible from the other approach – through determination of ‘natural remains’ of LC. Because this approach is quite difficult and not supported by sufficient theoretical-methodical and information (cadastre, bonitet) base, then the output data have subjective content. However, the mapping scale like 1:2,5 mln. – 1:5 mln level the difference between nature reality and subjective expert assessment of its condition. The analysis of “natural remains” within the certain LC includes research of natural, conditionally natural, unchanged and partially changed territories: forests, swamps, meadow lands, pastures, unsupported sands, ravines, flood plains, overflow lands, etc. determination of their amount, area, and their part from the total landscape area provide the scale of anthropogenic landscape change – from very high (>90%) to very low (<40%).

The landscape usage can be single-purpose or multipurpose. In case of a single-purpose usage it might be considered sufficient to assess of one landscape component according to several adequate criteria. As it is seen from table 2.10 (according to A.Yemelianov,

Table 2.10
CRITERIA FOR THE ASSESSMENT OF AGRICULTURAL LANDS
	Criteria
	Ecological situation

	
	satisfactory
	critical
	crisis
	catastrophic

	Area of degraded lands, % from total area of agricultural lands
	<5
	5-30
	30-50
	>50

	Humus content in soils, % from initial
	>90
	70-90
	30-70
	<30

	Content of chemical contaminants in soil, LPC
	<1
	1-3
	3-10
	>10

	Content of pesticides in soil, LPC
	<0,6
	0,5-1,0
	1-3
	>5

	Content of readily soluble salts in soil, % by mass
	<0,6
	0,6-1,0
	1-3
	>3

	Content of toxic salts in soil, % by mass
	<0,3
	0,3-0,4
	0,4-0,6
	>0,6

	Increase of soil density comparing to the background
	<1,1
	1,1-1,3
	1,3-1,4
	>1,4

	Phytotoxicity of soil (decrease of germs amount), multiplicity comparing to the background
	<1,1
	1,1-1,4
	1,4-2,0
	>2,0

	Biomass of soil mesofauna
	>90
	60-80
	30-50
	<20

	Productivity of pasture vegetation, & from potential
	>90
	60-70
	10-30
	<5


Note: LPC – limited permissible concentration (LPC)
2004), the choice of soil (as a landscape component) allows us to assess evolution of anthropogenic landscape.   

In case of a multipurpose territory usage, deeper analytical and synthetic researches are needed taking into account indirect impact on the state of certain landscape components as well as total resource potential. Evaluation maps are built with further complex consideration of rational landscape use and protection. 
   Questions & Assignments
    1. Give the definitions of phytovariant, hygrovariant and lithovariant landscape complexes. 

    2.  How does the ratio of man-caused changes characterize the landscape complex?
    3. What are the main types of landscape complexes of the Chornobyl Exclusion Zone?  

    4. How is the the ratio of man-caused changes determined?

    5. What are natural engineering systems about? 

    6. How is the correspondence of anthropogenic landscape complexes to their autochthonous analogue assessed?
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Fig. 2.7. Extent of soil erosion in Ukraine





Fig. 2.6. Soils fertility levels





Fig. 2.4. Anthropogenic Landscapes of Ukraine





Fig. 2.1. Landscape Zoning of Ukraine
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