animated maps of the forest and field dynamics in European Russia for the last 300 years.
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Abstract. During the last time the rapidly developing mankind collides more and more to the problems of the ecological stability of the environment. The destructive anthropogenic impact increases every year. The question “How long can the humanity develop without a danger of the self-destruction?” becomes the chief problem of the XXI century. The influence of the mankind on the environment is multipurpose and universal. The correct and full estimation of it becomes very difficult ecological and geographical problem sometimes. But the preliminary estimation can be done using only a short number of the parameters, which can be called “the environmental indicators”, because they show us the degree of the anthropohenic impact perfectly. The density of the population, the levels of the pollution of the environmental components (water, air, soils, etc.), the percent of the fields and forests in the exploring territory and some other characters can be concerned this parameters. So, if we know of this parameters for the studying territory, we can make the preliminary analysis of the landscapes of this territory and evaluate the general situation in this region, though the results won’t be as precise as the results of the complete studying could be. Analyzing mentioned characters of  this territory for the long period, we can produce quite complete notion of the alteration of the mankind impact on this territory, and even prognosticate the situation. What does agricultural using of the landscape mean? It means, that in this landscape the structure and the composition of the upper layers of the soil  (the arable layer) are completely violated by the tilling  and fertilizing. The lands, used in agricultural process (and especially arable lands) are planted by a few kinds of the plants (generally one or two), that take the same collection of the chemical substances from the lithosphere every year, breaking the natural balance, that formed many centuries. The soil, that was safely structured by the roots of the plants, is deprived of this structure now. The parts of the ground are not tied now, and subjected to the drying, blowing of the wind, erosion, and – if hardly watered – to the salting and taking away by the water. The percent of the fields shows us the degree of the mankind impact in the studying territory quite clear. That’s why such a character is the most representative one. 	The percent of the forests is also very representative. Forests are quite common elements of the landscapes in the major part of the European Russia. (except south-east regions). Analyzing the dynamics of the forest areas in different territories and especially the speed of the deforestation in different times, we can make a conclusion about the mankind’s influence upon the natural landscapes. Low percent of the forests in the region, that had plenty of them some time ago, means that this land is being used by people very hard. Our goals were to create the animated maps, showing us the dynamics of the percent of the fields and forests in different regions of European Russia during the last 300 years. This maps can be used in the next ecological and geographical explorations and in studying process. The collected statistic information is quite unique, and is of a great value for the next works. To gain this goals we had to solve some problems. These were the gathering, processing and interpretation of the  information, and presenting produced data in simple and obvious form. 

Gathering the information.
	Of course, the main problem on the way to the producing these animated maps of the dynamics was gathering the  complete and comparable information for such a long period. A lot of information was taken from the works of M.A. Tzvetkov, who calculated the percent of fields and forests in the gubernies of the European Russia for the period from 1696 A.D. to 1914 A.D. (Tzvetkov,1957). The principal propositions of his explorations were following:
1.	In case of invariability of the agricultural system  the increasing of the population means the increasing of the arable area.
2.	The speed of increasing of the arable area  is delayed in comparison with the speed of increasing of the population.
3.	The quantity of the peasants can be the criterion for counting the area of the fields.
Before using all materials, the serious acquaintance with the methods of calculating had occurred. The information for the period  from 1887 till 1914 had been checked using the statistic sources of that period (Suroj, 1909, etc.). Here the main groups of the sources are adduced:
1.The information about the landuse in the country, gathered during the General Land-Surveying. In the majority of the gubernies the data of the General Land-Surveying shows us the structure of the landuse in 1780.  This information is complete and quite certain, and supported with the vast cartographical material.
2.The information about the areas of the forests and fields, that was taken from the Economic and Statistic Atlas (1851). Economic and Statistic Atlas of the European Russia had been published with the subjoined booklet, that had become  a full monograph, devoted to the condition of the agriculture in the European Russia.
3.The information, that had been published using the results of the statistic inspections, organized in 1881 and 1887. 
4.The data from Zemstvo’s land inspections. They had been organized for the correct tax collecting on the grounds of the new law, that had been adopted in 1893. the inspections had been completed in all gubernies, examining every farm.
	5.For the year of 1914 the information was taken from the reports of the Forest Department, that published the results  of the calculations  of the lands every year in “Forest Department Annual”, correcting data every year.
	The intermediate years between mentioned ones were supplemented with the information from less complicated explorations and with the results of works of the local scientists, who studied some parts of the European Russia that time. The detailed examination of it  allows us to contend that this data is certain and correct, and it’s possible to use it in our works.
	We also used the data for the XXth century. The main part of the information was taken from the annual reports of the ministries, from the censuses and the statistic accounts. The literary and cartographical sources were also being used. A lot of information was picked up from reference books “The wood stock of the USSR”, that were published in 1958 and 1978 – 1988, “The wood stock of the Russia” (1993), and “The forests of the USSR in 1962-1978”, where the summary data of the accounts of the Ministry of Forestry had been published. These accounts had been being composed every 5 years. Also we used the results of the Forestry Census, that had been completed in 1927.  It’s results were published according to the administrative division of that epoch. In addition some data from this year (1927) and some previous years was taken from subjoining “USSR Atlas” reference article, where some information about the areas of the forests and fields had been adduced. This atlas was printed in 1928.
	The data of the period from 1928 till 1958 wasn’t quite complicated. The information for this time had been taken from literary sources, where some data about the forests was found. But here the areas of the forests were adduced according only economic regions of the USSR (Tarasenko, 1972, Statistic..., 1931, Forestry..., 1958, etc.). The data for the intermediate years  is approximate, and the data of  the 1917 had been gathered using indirect sources for several administrative units, and extrapolated for the other units (Atlas of egological.., 1996, The Great Soviet Encyclopedia (1st publishing), the volumes from 1924th – 1929th).
	For the calculations of the arable areas in administrative units of the European Russia during the period from 1925 till 1945 the data about the areas of the fields was taken from a number of the summary region accounts of the  Central Statistic Department of the USSR. These accounts are kept in the main stocks of the State Archives of Russian Federation. The data from 1954, 1955, 1956, 1962, 1963, 1964, 1975, 1980 was taken also from these archives, but it had been published in accounts of the Main Department of the Landuse of the Agricultural Ministry. All information was published according to the administrative division of the USSR during publishing. The data from 1990, 1995 and 1997 was taken from the reference books. The information of the period from 1917 to 1926 is not quite complicated, and sometimes it is approximate (Tchernishev, Agricultural.., 1926, USSR Atlas, 1928, The Great Soviet Encyclopedia (1st publishing), the volumes from 1924th – 1929th).




Processing the information.
1.	The counting of the percentage of forests and arable lands. 
After gathering the statistic data the work came into the stage of processing gathered information. The following tasks were raised:
1.The transition from the administrative units of the bygone years to the units of the administrative division of the 1987.
2.The counting of the percentage of the forests and arable lands.
3.The concordance of the contours of the units from administrative divisions of 1887 and 1987 for creating the continuos animation instead of 2 animation films for different periods.
4.The creation of the legends for animated maps of the dynamics according to the geographical interpretation of the processed data.
As far as the administrative division of Russia had changed greatly during such a long period, the problem of the transition to the united net of the administrative division became quite knotty. Generally we used two methods to solve this problem: the Fisher’s algorithm, and the method of using smaller administrative units (we shall call it the USAU method). The USAU method gives us more trustworthy results, but for using it we have to know the information about the percentage of forests and fields on the level of this small administrative units. So, if the information was not quite complicated, we used Fisher’s algorithm, which is results are less precise, but this algorithm is more universal, and it can be used in case of insufficient data.
The data for creating maps had been prepared as an integral index for each unit of the Federation. During the gathering and processing data the methods of normalization of the information was worked trough. We used 2-level system: the information for the period before 1917 was normalized according to the administrative division of Russian Empire in 1887, and the information for the period after 1917 was calculated and normalized according  to the administrative division  of the USSR in 1987 (Reference book of the administrative division of USSR in 1987, 1989).
Let’s make an example of normalizing the percentage of forests and fields in 1927 according  to the administrative division  of the USSR in 1987. The gathered information was about the total areas of fields in every district of every region of Russia in 1927. The total area of the districts was cited in the “Reference book of the administrative division of USSR in 1927”. Using Reference book of the administrative division of USSR in 1987, we defined to which region every district belonged in 1987. Summing up the areas of the fields in districts, we counted the total area of the fields in every region (in borders of the 1987) in 1927. Dividing the area of the fields on the total area of the region, we counted the percentage of the fields in every region in 1927 according  to the administrative division  of the USSR in 1987. The fact is  that the borders of the districts changed slightly during such a long period, and the difference of the areas between 1927 and 1987 was about 1-2 %. For example, the area of the Moscow region in 1987 was about 48700 sq. km. (if counted using USAU method), though in fact it was 47000 sq. km. As a result the mistake in the percentage of the fields in this unit was about 0.3 %, that is quite acceptable. The same technology was used for calculating the percentage of the fields in all regions of USSR in 1927.
In case of absence of the information for the districts, when we had the data only about the regions, which form was different from the form of 1987, we used the Fisher’s algorithm. The main principal of this method is following: the relative value (the percentage of the forests or of fields) is constant in all parts of the region. So, if we know the area of the districts of the region, we can count the total area of the forests in every district using this relative value, counted for this region for the begone year. And then we can form from those districts nowadays regions, and count the percentage of the forests in the region in the borders of 1987. The main problem in using this method is following: the best results turn out in case of high and constant percentage of forests or fields in the studying territory. 
The same technology of calculating had been used in case of presence of the data only at the level of the economic regions. But this information had been usually used for correcting the interpolations between 2 years, for which the percentage of the forests and fields was counted quite trustworthy. It concern the years of 1940 and 1949, when quality statistic inspections of the forests didn’t took place, and the years of 1925 and 1938, when the percentage of the arable area in Russia had been set too high.

2.	The methods of interpolation and possibilities for prognostication.
The dynamics of the deforestation and tilling depends on a historical development hardly. Such occurrences like Civil and Second World War,  the upturning of the virgin soil, the enlargement of the collective farms, the economical degradation of the 90-ths defined the direction and the speed of the processes of deforestation and tilling.
 In case of absence of the full data for any years (for woodlands it is 1917- 1925 and 1929 - 1938, for tilling it is 1917 - a 1924) the whole complex of methods was applied, and one from them was a method of a historical similarity of development. The indirect data about rates of cutting down and forest restoration, historical characteristics of development of economy various regions, etc., were used. If on separate areas the data for the indicated period exist, for these regions it is possible to construct dynamic curves of the index development, and to use these types of curves for bordering territories similar to the initial one. For example, the woodlands development and tilling dynamics is known in the Saratov area within the period of 1917 - 1928. The area suffered greatly during Civil war and famine in the early 1920-th. These processes influenced the tilling dynamics. The bordering regions, - Volgograd and Samara – were subject to that processes. If to calculate changes of indexes relating to any year and to distribute obtained speed of data changes in the bordering regions, taking into account cartographic index typical for them, it is possible with a sufficient degree of reliability to define the index value of the bordering territory.
	 The dynamic curves of deforest and tilling developments represent the broken lines existing in space (T, R), where R – is cartographic index size, and T – is time,  and  the tops of the curve represent the years with precisely known values. These years will be called hereinafter the key years.
Post revolutionary Russia experienced a lot of shocks. Exactly for this reason the construction of the dynamic curve of the process for 1917-1997 years requires the data for the key years more, than for all proceeding 220 years. It is possible to determine several stages of historical development during 1917 -1997:
-Revolution, Civil war and consequent years (1917-1922)
-Rise of the economy (1925-1928)
-Process of collectiveness and industrialization (1929-1941)
-Great Patriotic War and occupation (1941 - 1945)
-Recovery of the economy (1945 -1953)
-Rise of the virgin soil (50 years - 1961).
-Integration of the agricultural enterprises with simultaneous ignoring of distant and small-sized plots of arable   land (1962 - 1963)
-Evolution period of economy development (1964 - 1980)
-Slow decline of economy (1980 -1990)
-Crisis of production and transition to market economy of the 1990s (1990 - 1997).
The development of process is supposed to run smoothly and stage by stage between the key years. This the reason to apply a simple linear interpolation here. Application of more complicated functions (for example, approximation by polynomials of 3rd degree) complicated activity very much, but did not make it noticeably more authentic.
The capability of the extrapolation of values for a long seems to be improbable. The attempts of timber determination for 1914 were made on the basis of the data on timber for 1696-1887 years. By receiving the predicted values, their comparison with actual sizes was conducted. The following information was used for an extrapolation:
1.	Linear extrapolation (for the last 2 key years)
2.	Extrapolation by a polynomial of the 2-nd degree (for the last 3 key years)
3.	Extrapolation by a polynomial of the 3-rd degree (for the last 4 key years)
4.	Rectilinear trend (for all preceding key years)
5.	Rectilinear trend (for 3 last key years).
6.	Rectilinear trend (for 4 last key years).
The least total quadratic error was received with an extrapolation by rectilinear trend for the last 3 key years, however, obtained outcome was unacceptable, because it differed in a number of cases from the true one on 50-60 of percents, and sometimes the development of the phenomenon was predicted with a converse (prognosis: timber drops, but actually it grows).
Taking into account, that the given method was tested during the period of relative historical calmness, and even despite of that fact it did not give a good result, it is possible to speak about extreme difficulty of forecasting of a process carrying not random, and natural character, using methods of mathematical statistics. As far as both a deforest process, and tilling of a territory are indissoluble connected with economic development of regions and with a historical course of events, it seems expedient for a situation forecasting to use forecasting knowledge of economy development on the given territory.
Compilation of animated maps.
 A basic problem of all conducted work was creation of dynamic animated cartographic images for detection and display of ecological-geographical appropriateness of cartographic phenomena development.
The treated information was represented as a series of maps. Each series (both for tilling maps, and for timber maps) was represented as a sequence of frames, each of which is a rigorous map. Looking through it, an investigator can completely evaluate change of value of a parameter within a long period of time. Moreover, changing the speed of survey, the investigator is able to open new regularities of process development, which are invisible (because of excessive slowness or speed) at other speeds of survey (Berlyant, 1996). The essence of the constructed maps is three-dimensional, because they include the information of some value changeable in space (x, y, t). Besides in a course of activity for the first time they attempted to present the information as dynamic three-dimensional pseudoisolinear diagram blocks. As a matter of fact these mapfilms are already 4D images - in space (x, y, z, t) ((Berlyant, 1996).
	 A technological scheme of obtaining cartographic images in 3D-STUDIO MAX 2.5 program complex, intended for creation of 3D animated films, and usually not used with the purposes of cartography, was worked out.
 	 As a result of implemented work, a number of map films was created indicating dynamics of processes development with different speed; large statistical material was assembled and treated; technological schemes of animated films creation process were developed and the conclusions were made of software suitability and convenience for the creation of similar cartographic information.
	 The series of maps were created, where a color was applied as a visual means. Some versions of scales were tested: in false colors, with gradual transition from dark green to yellow and red, with transition from bluish green to yellow and bluish-gray, with transition from dark green to dim-yellow and to gray-beige, and a number of other. The scales were planned in 100 stages (in 1 percent), and the definite color intended for each area or province for each key year was submitted in the scale R, G, B. The quantity of color nuances of a scale were stipulated by the necessity of smooth change of polygon colors when timber and tilling values change.
	 The direct creation of a series of maps was conducted in 3D-Studio Max 2.5 program complex, intended for creation of 3D images and special effects for a video. The method of animation creation was concluded in the following. A hydrographic network, a coast line, a network of meridians and parallels, and the contours of the regions and the gubernies had been imported from ArcView 3.0, using Autocad Map 2.0 program complex just for converting the format of data. It’s possible to digitize the contours in 3D-Studio, but it is not very comfortable. ArcView GIS 3.0 is not necessary for this technology – we just had some pre–digitized data to use in our work, and this data had been saved in ArcView GIS 3.0 data format. 3D-Studio Max 2.5  allows to use the data from *.DXF files, and that why this format was used for exporting from Autocad Map 2.0.  Each territorial unit was set in 3D-Studio Max 2.5 as a separate object, then it “was pasted over” by the animated texture.  A hydrographic network, a coast line, a network of meridians and parallels, and some other linear vector objects were exported from Autocad  Map 2.0 into Corel Draw 7.0, then processed, divided into layers and rasterized. The raster data was kept in *.TIFF files. 
	Each region (or gubernie) has it’s own history of tilling or deforestation. So, we had to create the unique animated texture for each territorial unit. We used 3D-Studio Max 2.5. For this we had defined the color of the region in every key year, and then (during rendering) the program interpolated the colors for all other years. We used liner interpolation in all color channels (R,G,B). After rendering we created the animated texture (in *AVI data format) for each territorial unit.	
	The next step was like this. In 3D-Studio Max 2.5 program complex we created frames, labels, indexes and other secondary elements of the maps, including the time counter. Then the hydrographic network, the coast line, the  network of meridians and parallels and other general geographical basic data, that had been kept in *.TIFF files, was used as a background for the thematical information about the deforestation and tilling. After composing of all components of the animated maps, checking the colors, textures and other elements of images, the rendering in *.AVI file had been started. 
Uncompressed AVI-file needs a lot of computer resources to show it,  because the stream size (in 1024x768, 15 frames per second, true color) is about 30 megabytes per second. That’s quite unacceptable. That’s why we used Autodesk RLE codek to compress the produced video data. Before the final decision many compression types had been tested (including Indeo (all versions), Cinepak, MPEG2, Microsoft RLE, Motion JPEG, and other algorithms). The problem was to find the method of compression without losing data, that will provide high compression ratio without artifacts. Though RLE-methods do not lose data, and they do not have to have artifacts, Microsoft RLE Compressor has great problems with the resulting data, and seems to lose data. So we do not recommend it, the same as methods with losing data. In fact, 3D-Studio Max 2.5 does not support this type of compression, so we recommend  you to render uncompressed AVI-file, and compress it in Adobe Premier 5.0 lately, using Autodesk RLE. Autodesk RLE Compressor is not very widespread, and needs some special drivers for coding and playing the video data, compressed with it. For getting them we recommend to use Internet. If you have installed Adobe Premier 5.0 (or later version), then your system is being equipped with this drivers.  After installing drivers, you can play video data using standard Media Player from Windows 95/98 and NT. 
The chief problem of the work was to define the color for each unit for each key year for both of the maps (deforestation and tilling). This work takes a lot of time and patience. This process can be modified, and all technology can be simplified. But this way needs using the ArcView GIS 3.0. 
For every key year we create a single map in ArcView GIS 3.0. This process can be automated greatly. The same 100-grade legend can be created in ArcView GIS 3.0, and every territorial unit will be colored according to the value of the forests or fields, which can be taken from the connected database. After creation of the map for every key year, we can export the vector data into raster format (*.TIFF, *.BMP, or any other without data loss). As a result we will have a number of raster maps (one map for every key year).  Then we can create one animated texture from this images, add some secondary elements of design, render it, and the result will be just the same. The interpolation is quite the same in both methods, so the produced video data will not be different. But this way is much easier and faster, because you don’t have to spend your time for defining the colors of the units in key years. But creation of the animated maps, using such a technology, requires ArcView GIS 3.0.
	 A hydrographic network, a coast line, a network of meridians and parallels, a map scale (numerical – a figure, presented in a roller, relays to 17-inch screen monitors, linear - is constant on all screens), were chosen from general geographical basis and shown on maps. The color scale, boundary of Russia for year of 1999, boundaries of territorial units are shown in a legend of a map; provinces or areas indexes are given on a map.
 It appeared impossible to indicate provinces' or areas' names because of limited screen sizes (a roller is intended for 1024 on 768 points, because the majority of computers now are not capable to display an image of a greater size).
After the construction of ready for use animated maps, it was conducted a number of experiments on submission of cartographical information as the dynamic 3D unit diagrams constructed as pseudolinear models. The method of construction of the similar diagrams is the following. A massif of points with coordinates (X, Y, Z)should be constructed, where X and Y – are coordinates of a point which is taken for geometric center of a territorial unit, and Z – is a size cartographical index for a given territorial unit (in any year). Territorial unit can also have some points provided it has a complex shape (for example, Arkhangelsk area). The criteria of a point selection to be the geometric center of the subject can be various, the definition of the optimum criterion is possible only after a series of experiments and comparison of quality of obtained results. Besides the mentioned massif is added by points with zero size Z, - these points should be taken in those places, where a cartographical the index is always equal 0. It is the seas, subpolar territories, deserted regions of a southeast for timber. After that a digital model of cartographical index distribution on a territory should be constructed on the basis of the assembled points massif; the model was during the work implementation in Surfer 6.0 package). Such surfaces are created for each key year, and afterwards they are put in 3D-STUDIO MAX 2.5 complex. Elements of general geographical basis, or any other objects, optimally fitted for orientation on the given unit – diagram, are imposed on the surfaces. The unit diagram is animated then, and obtained film can be used for further cartographical researches. The advantage of the information submission described above is that the volume of the given unit diagram, shows real quantity of timber. Moreover, the given unit - diagram shows an ACTUAL ratio of timber and tilling quantities provided that the color scale is rather subjective (it's perception depends on the used colors and the peculiarities of color perception by a consumer). Such method of submission for today, is perhaps most obvious and effective.
	 The technique and technology of dynamic unit - diagrams construction will be improved and updated. The development of similar information submission methods is rather perspective. 

The conclusion.
	 The result of complicated work implemented by us, concerning animated submission of deforesting and tilling dynamics on the territory of the European part of Russia, was the creation of the indices table for provinces or areas of Russia for the last 300 years in detail. It can be used itself for further geographical researches. Besides, a number of animated cartographical images (mapping films) was created, suitable for researching processes dynamics study. The dynamics study can be conducted by displaying frames at various speed. Such opportunity can help investigators to search dimensional regularities and to understand processes which occur in different regions (where they developed at various speeds).
After creation of dynamic animated film it became possible to evaluate volume of timber and tilling of units of territorial division of European Russia for the last 300 years. It was possible to evaluate ecological condition and antropogeneous changes of territories. Let's consider separate historical moments of European Russia territory assimilation. 
1696. Black earth region, Central and Volgo-Vyatsky regions were being already developed, agricultural production in them was already well advanced, however the ecological situation is rather favorable in all regions except for Tula province. Tula province had 64 % of arable lands in 1696. North, Northwest, Zavolzhje and South (to the south of Voronezh) practically were not developed. Major part of the country was covered with woods, but timber made less than 50% only in the black earth area and to the south of it.
1800. Antropogeneous changes were noticeable in Kursk, Oriel, Kaluga and Ryazan provinces, where arable lands were considerably increased and reached 50%. Simultaneously with it the territories lost their timber, as, however, all remaining provinces did. More quickly this process run in Northwest and in Central regions. The economic use of the lands in the north and in the south practically was not increased.
1916. The tilling reached critical values in Central Black earth region and in Povolzhje, by exceeding 65 % in some places. By 1916 European Russia lost almost half of its woods (comparing to 1696). The timber of volume more than 50% was observed only in 6 northern provinces. Kursk, Oryol and Tula areas were practically woodless. Orenburg, Samara, etc. provinces were intensively tilling.
1949. The years of the revolution and the Civil war, during which timber economy was not developed, had a drastic effect on domestic woods. The reforestation, started in early 1930-s hardly achieved the final result, when the Great Patriotic War began and caused an enormous loss to the woods of European Russia. The territories under occupation were subjected to injurious timber cutting. Forests were destroyed as a result of fires, bombardments and construction activities during liberation military operations. Timber economy was hardly conducted on the non-occupied territory. As a result of these events, timber in European Russia was reduced up to the extent unknown before, and that could be well seen on a map of 1949. Post war recovery of timber was conducted slowly enough. At the same time (1941 - 1945) the arable lands in our country were considerably reduced, almost in 2 times in some places.
1957-1997. The development of agriculture (up to 1954) conducted a policy of arable lands increasement by tilling of virgin and idle lands. However, the universal decreasing of arable lands took place since 1954, and had intermittent character in 1962-1963. Simultaneously, unsuitable for agricultural use lands, which were sowed during general struggle for increase of the sowing areas, were withdrawn from agricultural production. The accelerated reduction of the sowing areas is observed in the 1990s in connection with general crisis of economy. 
The timber economy was restored well during post war period, and during 1965 - 1988 the timber volume was not changed  much in the European part of Russia. However the crisis of the 90s years resulted in some timber reduction in a number of regions (Arkhangelsk area).
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