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The essence of the research in question consists in working out and developing a cartographic basis for the catchment concept of nature management. The catchment basin is considered and displayed on maps as a common geoecological space – “river – delta – coastal zone – sea “ –  rather than a hydrographic element of the geographical envelope. In the cartographic method of research this approach is new and meets the requirements of the catchment strategy of water resources management, recognized in the whole world and which, certainly, is to be supported by map material. The mapping reliability is ensured by the fact that  the catchment basin is a regional geosystem that can be easily identified both on maps and in a locality. Orographic boundaries can exactly be traced on maps, especially topographic and hypsometric ones.

The catchment basin as an integrated natural-and-economic complex needs for  multidimensional mapping, including GIS technologies; here the system “ map design –application of maps” is realized to the utmost, it connecting closely cartographic methods of terrain representation and the cartographic research method making it possible to use either an available map or the map newly created as a database and a means of obtaining new information.
The most important part of the research is to work out a map system within the boundaries of the river catchment basin, aimed at representing a data array to show the characteristics of the surface water connected to the natural landscapes and economic activities within the catchment area. The system of maps offered of the river catchment basin does not and should not have a rigidly established structure; and the map topics cannot be exhaustive at all as each specific set of maps making the system, is governed by the features of a particular catchment basin, its geographical location, the types of landscape, its morphometric properties, etc. The main attention is concentrated on developing hydroecological maps showing the peculiarities of a particular catchment basin and its hydrological elements. The system of maps includes the following nine blocks.
1. General characteristics  of the catchment basin.
It is an introduction section, its purpose is to give an idea of the  territory to be mapped so that to study subsequently its features from groups of thematic maps. In this section obligatory are first of all the following maps: a) of geographical location; b) of political and administrative divisions in the boundaries of the catchment basin; c) of hypsometric position; d) of the hydrographic network; e) the structures of the catchment basin (the hierarchy of subdrainage areas corresponding to the river orders); f) of  level of hydrological scrutiny.
2. Surface water, its  resources, the natural potential.
The solution of nature management problems is impossible without data on the resources that can really be involved in economic activities, which makes it necessary to characterize natural waters and their potential as a complex. Therefore the presence of maps of purely hydrological themes in the section is justified.
The presentation of surface water and the potential of the water resources presupposes their characterization from various points of view, taking into account the general laws of distribution and their local peculiarities. The distribution of surface water adheres to the law of zonal distribution and vertical zonation (altitude belts). Zonal parameters include the volume of runoff, temperature and ice regime and other features connected with zonal distribution of solar energy and sediments. The zonal distribution of one parameter (for example, volume of runoff) is expressed distinctly enough, while that of others (for example, water chemistry) is more veiled. All zonal factors -  without exception -  are influenced by azonal factors, especially by the landform on which river slopes, lake depths, etc., depend greatly and which, in its turn, is separately characterized by the map of hypsometric position (Block 1).
An obligatory set which matches the requirements of the complex characterization  of surface water, includes maps as follows: a) that of the river network and lake density; b) of water regime (an annual runoff and its inner distribution); c) of water balance (differences in runoff, sediment and evaporation characteristics) - for large catchment areas; d) of water resources storage (for various purposes of use) - for large catchment areas; e) that of the natural water quality.
A detailed system of parameters of water resources mapping includes a lot of characteristics such as hydrological; hydrophysical, hydrochemical, hydrobiological, microbiological, hydromorphological ones. Representation of above characteristics is of importance for understanding the processes of formation, motion and transformation of water in the hydrographic network of a region (the world).
3. Ecological framework  of a catchment basin.
The section serves a double functional purpose: first, to show the significance of  natural and seminatural (natural-anthropogenous) territories and objects playing an important role in maintaining the ecological equilibrium of the catchment basin and providing a dynamic stability and favorable habitat for living organisms. Secondly, it is to describe valuable environment-forming natural objects and historical and cultural complexes for their protection and preservation, as well as for their subsequent transition to a landscape and cultural organization of the territory. The following set of maps is offered: specially protected nature territories (fauna and flora preserves, national parks, protection reserves, forest reserves, water-marsh areas, etc.), including water-protective zones, zones of a sparing regime (buffer zones), transport corridors (across which materials and power exchange is carried out), territories of ecological restoration where projects of restoration of ecological systems are implemented. These very maps can also show nature monuments and phenomena; b) maps of historical and cultural heritage and natural and historical  cultural complexes.
This set of maps with an interpretation of their purposes offered  is recommended for the first time in the practice of catchment mapping.
4. Anthropogenous  impacts on the catchment area nature.
The transformation of river catchment areas as a whole and their separate elements in particular is connected with the variations of the natural factors and anthropogenic load within the boundary of the catchment basin where various types of nature management influencing the characteristics of the water, its properties and quality are carried out. The purpose of the maps of this section is  to show anthropogenic loads, the information on them making an important contribution to understanding the genesis of hydrological changes taking place as well as to their evaluation. It is possible to proffer a lot of maps reflecting various kinds of nature management. There are listed more than 20 [1] in literature and each one has its own series of maps.
An initial idea of the load distribution across the territory can be given by maps: a) of land use, with further more detailed description of types of  activity specific for the particular catchment basin (agricultural, forest, municipal services, industrial, recreational, etc.); b) of water resources use (fresh water use, water management, water-related activities and facilities); c) of demographic pressure; d) of pollution of the catchment area (as a whole, by some specific pollutant, by a pollution disaster).
5. Seasonal and long-term dynamics of the natural environment of the catchment area.
The purpose of this block of maps is to exhibit various consequences of both natural changes and man’s impacts on the nature of the catchment area, and, first of all, on its hydrographic segment. The basic maps recommended are: a) ones of seasonal and long-term dynamics of surface runoff, levels and positions of water lines of the water bodies making the inner structure of the hydrographic network; b) the dynamics of the morphology of water objects ( river beds, lakesides, reservoirs); c) the  transformation of landscapes (facies, tracts) of the catchment basin; d) the changing of the structure and topography of river drainages (due to urban and hydrotechnical construction).
6. Maps of receiving  water bodies  - seas, large lakes and reservoirs.
Maps can characterize - as independent parts of the catchment basin - shore zones of receiving water bodies together with their specific landscapes and hydrological phenomena and processes. Relevant are the following original topics: a) long-term and seasonal dynamics of the levels of receiving (ending) water bodies; b) set-down and surge phenomena, landscapes of flooded and dewatered territories; c) the borders of the distribution of river flow in the  receiving water body; turbidity and coastal water circulation; d) deltas – the dynamics and peculiarities of their formation; e) zones of the upper and tail pools of reservoirs and their dynamics resulted from adjusting the reservoir level.
Inclusion of receiving water bodies in the general system of maps will make it possible to estimate their ecological condition as regards the processes occurring  in the catchment basin. So far,  estimation like that has been applied only to exceptional cases.
7. Medical-and-ecological situation.
The purpose of the present section is to give an idea of  conditions under which a certain level of the population health is formed, namely - to show the influence of geographical environment on man’s health, the mechanism of spread  of illnesses and epidemics, the state of health protection services . Completed enough series of medical-and-ecological maps are made within the boundaries of administrative areas for which corresponding statistics are formed, they usually hardly matching catchment basins.  As for catchment areas, this aspect of mapping is essential  for estimating such a vitally important resource as natural water, its quality and ability to natural autopurification, which favorably or unfavorably  changes man’s living  conditions in many respects.
The following topics of maps are offered: a) medical-and-geographical estimation of the components of the natural environment (water, soil, vegetation); b) contagious and invasion diseases; c) types of natural focuses of diseases caused by certain kinds of infections and infestations; d) dynamics of morbidity in connection with regional specificity or extreme conditions manifesting in a particular catchment area or in its separate zones (in coastal zones, in deltas, etc.). This series of maps is recommended for the first time for catchment mapping.
8. Dangerous, crisis and extreme situations.
The section is focused on showing situations in the line  "risk – crisis - disaster". For catchment areas the greatest urgency is represented by the following genetic groups of hazardous natural phenomena and themes of maps corresponding to them: a) hydrological hazards, spontaneous phenomena in the catchment area (flooding at the time of high water, flood flows, ice jams, ice gorges, special ice and built-up ice phenomena, etc.); b) avalanche and mudflow hazards; c) geological-and-geomorphological hazards (landslides, collapses, karst and thermokast holes, etc.); d) sea spontaneous hydrometeorological phenomena (storm sea, wind-induced recession and setup, intensive ice drift, etc.).
9. Complex integral maps of the level of  acuteness of ecological situations.
Maps of this type and their legends include separate blocks corresponding to the whole system of objects of mapping that  are estimated through conjugate analysis (comparison, superposition) of natural, natural-and-anthropogenous factors forming the ecological conditions of a river basin. The procedure description is published by authors in previous studies [2].
There have been compiled and designed original maps by the authors in order to implement this theoretical research results.
Maps of actually all blocks considered have been designed for the basic test area – the Kuban river catchment basin, 17 originals altogether. Among them are as follows: «Territory of the Kuban river catchment area – its  geographical location"; "Political-and-administrative division within the borders of the catchment basin"; "Hypsometric position of the catchment area"; "Hydrographic network and the level of hydrological scrutiny»; “Density of the river  network"; "The catchment basin structure", " Average river runoff"; "Hazardous hydrological phenomena"; "Hazardous geological and geomorphological phenomena"; "Avalanche hazards"; "Vegetation cover (ecological and dynamic tendencies); “The influence of the population on the ecological condition of the catchment basin"; "The influence of the road network"; "The level of surface damages of the catchment area"; "The dynamics of the Kuban river and its inflows channels in the vicinity  of the Krasnodar reservoir (1910-1996)"; "The dynamics of the Kuban river delta (the period from 1910 to 1996)"; "The tension level of the ecological conditions of the catchment basin” is a summing up map. All maps are designed to one and the same scale (1:1 500 000) on the typical general geographic basis, by the same design principles.
The thematic topics of the dynamics block are illustrated by original maps of the Volga catchment basin.. The basic one of them is “Long-term dynamics of the hydrographic network of the Volga river catchment basin for the period from 1925 to 2000”. The map characterizes the change of the structure and topography of the Volga catchment basin, including its delta in connection with making a cascade of 11 reservoirs  (the original materials are the studies of the Volga region by Semenov-Tian-Shansky V.P., 1925) [3]. There are shown there: the restored pattern of the 1925 hydrographic network; the delta edges – a historical one (1925) and the present one (2000); an increment of the delta throughout that period; the constructed reservoirs and their characteristics; canals; hydroelectric power stations; there are given longitudinal profiles of the Volga as of 1925 and 2000; graphs of the current speeds of the Volga and its inflows before stream regulation; the flooded human settlements; a list of grounds flooded in making each of the reservoirs.
Separate maps are devoted to reservoirs. They are considered, within the framework of the catchment concept, on the one hand, as water objects included in the inner structure of the catchment basins, and, on the other hand - as receiving water bodies  (if lateral inflows are available). In the latter case the reservoirs with lateral inflows represent an independent subsystem "channel - catchment basin - reservoir" and need their own specific approaches to mapping. Our study is aimed at showing different levels of the influence of lateral inflows and their catchment areas on re-forming banks and sides, muddying the bed and changing the character of mixing waters of genetically different objects (rivers and reservoirs), which is especially of importance for reservoirs as they are   sources of water supply. Bearing in mind these reasons, the authors choose three reservoirs as test sites for mapping: 1) the Veselovskoye reservoir  - with a minimum influence of lateral inflows since the volume of their runoff is negligible, and the area of the catchment basin is considerably less than the area of the reservoir surface. In this case, the reservoir water predominates over the mouth areas of lateral inflows; 2) the Tsimlyanskoye reservoir  - with an equal interference since the area of the catchment basin of the lateral inflows is comparable with that of the reservoir surface; 3) the Krasnodar reservoir - with an essential influence of lateral inflows on the coastal zone of the reservoir as the areas of their catchment basins exceed the area of the receiving reservoir.
Maps characterize the types and dynamics of the reservoir shores, the bed state at the period of their flooding, hypsometric position, modern landscapes, types of land use, water pollution, soil erosion by water.
The Krasnodar reservoir is included into the Kuban river catchment basin, which  influences its structure, and it is an independent receiving water body as well. There is shown a portion of the Kuban river channel  and its inflows before making the reservoir; the modern coastal line of the reservoir; its characteristics, modern mouth areas of inflows, reacting most sensitively to the change of the runoff volume of the river and that of the level of the reservoir,  resulting from seasonal drawndown and filling.
The peculiarities of the dynamic, morphological and other natural features of the mouth area of the  river catchment are illustrated by delta maps.
The map “Dynamics of the delta of the Kuban river (1910-1996)”  - the main river of the test site - displays the transformation of the delta landscapes throughout this period; the old channel and branches of the Kuban river flowing earlier (late 19th  century) into the Black sea; its modern channel and branches; the portions of the channel that have got no changes; dams; levees around  paddy fields.
The Volga river delta is the mapping topic of two maps. First, it is represented on the map of long-term dynamics of the Northern coastline of the Caspian Sea in connection with the sea level fluctuations. Secondly, the Volga delta is depicted on one of the maps illustrating the block “Medical and geographical situation” where the dependence of the population morbidity rate of leprosy – a disease  popular in the Astrakhan oblast – on the lowering level of the Caspian sea is shown. The main reason for compiling the map “The dynamics of morbidity rate of leprosy caused by the lowering of  the Caspian sea level” is medical studies and assumptions of experts that the Caspian river-delta flooded hydromorphic landscapes  are the natural focuses of leprosy. The map displays  the level of the population morbidity rate of leprosy, corresponding to the stages of the lowering of the sea level from -26.0 m down to -29.0 m throughout the period from 1900 till 1977. The comparison of the trend  of the annual average sea levels to the dynamics of the morbidity rate of leprosy (according to medical statistics of the single Leprosy Research Institute of Russia, situated in the city of Astrakhan) confirms the hypothesis of experts. The map is unique in its topic.
The ending element of a river catchment basin is the receiving water body. The relationship between the catchment basin and the  receiving water body is illustrated by maps of coastal zones of the Southern seas of Russia.
Complex estimation of the  river catchment influence on the pollution of the river flow and the coastal water of the receiving water body versus the anthropogenic load is given on 3 thematic 1:200 000 scale maps of the Black Sea coast (the neighborhoods of  Tuapse-Lazarevskoye settlements): “River catchment basins of the Black Sea coast”; “The use of lands”; “Man’s  impacts and natural water pollution”.
Approaches to mapping the hazards of  serge inundations are illustrated by low coasts of the Caspian and Azov Seas. Maps of the coastal zones of the said seas (to scale 1:500 000) are designed, they display areas of coasts that can be vulnerable to storm serge of different magnitude; the most dangerous zones in serge and safe territories. The Maps with explanatory notes to them are published in the Atlas of Natural and Technogenic Hazards and Risks of Extreme Situations of  the Russian Federation, 2005.
A map of the long-term dynamics of the Northern Caspian shore line throughout the period from 1900 till the present time is made, it displaying the highest position of the shore line  (-26.0), average (-28.0), minimal (-29,0) and the modern one (-27.0). The map is published in the National Atlas of Russia, Volume 2 - Nature, ecology.
The series of general maps considered are a cartographic database and represent the cartographic block of GIS system “catchment basin – river – mouth - coastal zone – sea”.
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