REGIONAL GEODYNAMICS
Abstract.
         Nature systems under exploration are presented on the Earth by river basins. The objectives of Nature System’s Geodynamics are research of environmental processes (water, sediments, and other flows). Estimation for balance of the flows requires for bordering of surrounding area, and estimation of flows by Virtual System. Geodynamics of Nature Systems includes the Time. Among many factors of Geodynamics is factor of the Information Loss during the Time. Other Factors are external drivers of a system, and their parameters (Elevation, soil properties, and many others). A way is elaboration of Virtual Nature Systems by direct reforming of data flows inside and through an area.  Other way is storage of enormous data in databases and in the. GIS. Complex factors and parameters requires for enormous and enlarging data. This process resulted in GIS technology and databases. Former databases and GIS always delay on nature processes. The VNS receive new amazing properties by immediate reforming for vast data to new tool – to Changing Digital Earth. The CDE is the VNS in real time data. The VNS turns into the CDE, as computer double of real systems. The use of such VNS-CDE receive new powerful factor –the Time. The VNS just now evaluates impending disasters (debris flows, floods, and similar. It is new direction of science. Geodynamics of Processes. It is new Geoinformatics, including both exogenous and endogenous factors. Exists is the next barrier - temporal. It requires not only data, but its fast reforming to new technology CDE. It can estimate Future. The VNS can it too, but it restricted by direct data inflows. These data should include governing drivers (tectonics and climate). The VNS is a step in this direction, and has own purposes, discussed below.

1 Virtual Nature System (VNS) and GIS 
Virtual Nature System has many differences on widespread GIS technology, which are as follows by properties of real Nature systems. The GIS is not changing in Time. The VNS is constructed in analogy to changing Earth, and in methods of observation. The GIS is not driven by Time. The VNS is driven by Time through discrete observation for dynamical Earth. Temporal step for hydro-meteorology observation is changing by accepted time intervals (1hour, 3 hours, and others). Spatial resolution (size of an every cell) determines spatial resolution of computer mapping and depends on size of area. Size of matrix depends on size of screen, and on time for one step computing (or on power of computer). It is determined by compromise between size of a whole grid and time for one step computing in view the VNS be acceptable. There are conditions, directed by geomorphology (perceiving for small details of relief. Criteria for choose scale steps depends on required resolution. For recognition of debris flows required is 1-5 m grid resolution (basins of small-medium scale). For the plain river basin experienced were cells between 100m-1km for medium scale, and 1-10 m for large river basins. It is not fully correct, but restricted by screen size. Increasing of a basin increases time for one step non-linearly, what is not convenient for observation? VNS is restricted by basin size’, and must be computed as a single object, and with a time as small as possible. The one way to avoid it is so select a matrix for several parts for output on the screen. However, a basin should be computed as a whole unit. This is not simple decision. It is because parameters of soils should be set inside corresponding layers of elevation, groundwater. Each cell present several values of other information (precipitation, air temperatures, depth of aquifer, thickness(depth) of water, soil properties, soil resistance to erosion, evaporation, vegetation, infiltration coefficient, and others). Some parameters are conservative, and changeable, and even depends each other. The task is not simple. The necessary ‘conservative’ information must be provided by GIS (preferable as raster). Problem for input of multi-dimension information is required from databases and GIS, and should cover all cells (to be in the same resolution). These are problems for spacing, both for changeable and ‘conservative’ layers.  The experienced grid has size about 1000x1000 cells. It may be computed even on PC for satisfactory time (a few minutes for a one cycle).
2 GIS – VNS: think about to compare
‘Standard’ technology of vector GIS seems not to be satisfactory for research dynamic of the Changing Earth. Borders of contours are conservative to be quickly displaced, to be removed, or to be change or divide content. The first VNS task detection of borders from vector GIS to raster. Any Inner area of vector GIS cannot be discrete without additional points inside, for correction of values by interpolation, or by other empiric procedure, by correction of cells values on altitude (air temperatures), border of streams, and so on. Soil resistance and other soil parameters may be established by spatial data. All corrections should be done aromatically, by accepted rules. River nets may be written by use procedures of Genetic Strings (200) by following down a river Notable that each cell may be written as a one value in cell. A whole digital matrix presents initial (current) state of a system, filled up by multilayer strings. The GC – River net may be corrected or no for the next time step.  This method was successfully implied in projects of river nets pollution (in dynamics). Change for the Matrix during time presents Geodynamics. It includes also changes of elevation by tectonic distorts and by water. Absence of knowledge may be reserved separate layers, providing order of their filling in dependence of their physical properties. The filling of the Matrix before repeated observation should use all available information (by it reforming to grids). All others (renewing of layers by new data, estimation of interaction, and others) must be done by the VNS, where a Matrix fills up own memory.

The Matrix is portrait computer double of the Nature System... It is object of the Digital System’s Analysis.
3      Digital Systems Analysis (DSA)
Methods for the VNS elaboration include algorithms for water/mass/energy exchange inside the selected area and organization for the VNS structure y the automatics Digital System’s Analysis (DSA) [5]. The VNS evaluates (water, mass, energy, pollution, and others) exchange between all elements (cells) of the ‘Mother’ Genetic Matrix. The DSA operates with a multi-layer Matrix of variables and parameters [3, 4, 5, and 6]. Order of estimation for interactions between the Matrix cells depends on governing processes in the VNS.  River basin looks like a ‘tree’ of water streams. Therefore, the order for estimation should use order of water flows through a river net. The order may be written in the Genetic Code (GC), as a multilayer string, or as multilayer Genetic Matrix (GM). The GM contains all information for an order for evaluation of flows between all cells and contains all information for estimation of all flows, and build own next step Elevation/depth grid. Self-building Digital Systems Analysis provides next step of the systems state, by input external data. This describes dynamics and evolution of the VNS.

[image: image1]The special algorithm was worked out for the VNS - Coastal Zone (CZ). Oblique scanning for the ‘water’ part of an area depends on Wind Direction/Power drivers [3, 4]. The VNS-CZ evaluates abrasion and sedimentation processes, and transport of bottom pollutions along and across bottom and coastline until 50-100m depth.  The Matrix keeps all information in system’s Current (and Past) state. (1, 3). The GM includes methods for the DSA. Repeating of the DSA For each time step (with input for new influences turns the VNS into the Changing Digital Earth (CDE). The VNS and CDE estimate Geodynamics and Evolution of Nature systems. New Genetic Matrix is a grid, which is reformed to map in contours only in process of mapping. The CDE joins River Basins and Coastal Zone by automatic selection of land and sea. The VNS and CDE are multimedia systems. The optimal resolution is size of a cell not more then 100 m, for recognize geomorphologic elements (relief). 

The ‘remote’ monitoring for any area, directs reforming of observed data to mapping of processes does not requires for use of the data storage (by the GIS). 

The regular (each time step) mapping for assigned and 
3   Evaluation of Flood’s threats, and Debris Flows tracks mapping by the VNS. 
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The VNS always evaluates the Impending (‘tomorrow’) future, at last for one time step ahead! It is because of the VNS uses non statistic or deterministic forecasting  trends, and especially non linear trends)) by only independent external data (precipitation and air temperature as drivers of processes over earth surface). External data on deformation of earth surface are necessary, by it is yet insufficient for filling up of the Matrix by exception of geophysics profiles in ‘seismic’ regions, which are of principal deficiency. Data on groundwater layers are also in deficiency, by exception of case study in a small scale basin (provided by data on groundwater). It was used in task for engineering on watershed near river Moscow (building for Sport complex). Resulted for soil proof was sharp increasing of erosion downstream. Another case study evaluated stability for building Academy of Science, in Moscow. In both were used data on meteorology (observed records). Meaningful results were received even in 1999 on NATO Workshop on Coping with floods (in Brno, Czech), when receiver was strong influence of very small tectonic movements in the Rhine Basin on changing of sedimentation pattern. Scenarios of earthquakes in mountains resulted in strong activation of debris flows because of local lowering for soil/rock resistance in areas of events, and influence of tectonic distorts along linear zones of earthquakes. These initial results require more data on observed tectonic linear and areal distorts.

In other tasks was assessed influence for floods in conditions for their local recognition. More than 20 years records of precipitation and air temperature shows activation of flooding after strong storm  and warming (it is expected) and 1-2 days delay of debris flows initiation after local storms (this was unexpected but appreciated by assessment of delay for debris flows to local external impact. 

Method for urgent forecasting for events by local (usually none observed) impacts (Klenov, 2005, 2008). Moreover, it is a reliable method for mapping long living tracks of debris flows (instead of statistic methods), by automatic mapping (Figure 1). The VNS satisfactory evaluates local and common flooding, its values, and destination time to downstream sites (Figure 2). Task for long time forecasting is not available by statistics, but will be evaluated via information on drivers with a long destination time (floods in the Rhine downstream) after local storms upstream) (Klenov, 1996). It is a task for the Future. At last, time, place, and power of Earthquakes will be consistently predicable by use spatial temporal data for surface, disturbs for processes in upper mantle. 
3 Debris Flows and Floods
Figure 1. Summary Tracks for Debris flows.
Figure 2.  Current total flooding.
Areas for major processes are set in separate layers. At each map are set data from several separate layers.
   On tops and bottom of each map are results of computing, (snow thickness, water depth, delta, sediments thickness, air temperature, soil resistance, and others - for two sites of a basin. Vector of data is easy to output in any cell. Tasks for
Risk assessment leads to ‘risk’ of strong Precipitation (storms).

4 Dams safety.
Non-restricted quantity Dams are set directly on a map and became visible on net time step (Figure 3). Number of dams, their height, resistance to erosion, and others are seen on separate files. Each (virtual) dam is set in the same place, as real one, and gradually is filled by water (virtual) to become satisfactory portrait double or real dams and reservoirs.

In big and large river basins were built thousands of dams.
.  
Figure 3.  Strong debris flows and 3 dams failure.
Figure 4. All dams failure after upstream storms.                      

Dams failure resulted by flooding in the Mississippi river (New Orleans), in Vltava river (Prague, Czech Republic), 
And it resulted in human losses. Similar disasters resist by absence of urgent information, for precaution and urgent response. This response may be easily done by establish of the VNS on any basin with many dams and reservoirs. It is because impact of precipitation may be not foreseen by discharge/level observed records. In case of failure of any dam all downstream stair may be urgently warned for urgent response (decrease water levels in vulnerable reservoirs, use water retention reservoirs, and upraise for dams resistance. Dangerous situation should be managed by single system for self correction of dam’s level in a whole basin, as a functional unit. Now the VNS works with records of factors, but yet not in real time.  All observed record has blanks (as most of them), then it not be used, but only non-interrupted one. 
Figure 5. Annual summary processes in the Rhine Basin and in the Coastal zone.
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Drivers of Nature Systems for the complex system are both external (meteorological) and internal (tectonics).A number of tasks almost non-restricted (Land use, pollution, Dam building/safety, Tectonics, Sea level changes, Climate trends, and others). It is of the first version of sub continental area. This complex area includes river basins with their mouth/delta, and a nearby sea until depth about 50-100 m, of wind energy destination to bottom. Estimation of sediments flows along coastline is a problem, which is not discussed here. The VNS is titled as VNS+CZ. The samples as the Rhine Basin and bordering swallow zone of the North Sea (large scale). Initial version of the VNS was firstly presented at NATO Advanced Research Workshop [1]. Cell size is about 8-9 km, time step – one day. The high resolution grid should provide better resolution, but it was usually unavailable. Earth and Sea zones on a map are enliven by both earth and bottom/sea processes (inside each time step). Water, sediments, and pollution move through a basin and through coastal zone as in real systems. Bottom sediment became under pressure of wind-wave energy. Areas for Wind energy and water energy action are separated by coast line and partially by water depth and offshore current in coastal zone (until 50-100m). 
Conclusion 

The Virtual Nature Systems methodology is the attempt to view future of the Geoiformatics (and the Past too!).  It essentially enforces possessions of now dominating GIS. Novelties of this are that major factor for the Geoinformatics is the Time, and several factors of nature systems become drivers of virtual and nature systems. The Time factor provide search for system in dynamics, and under mixed influences. Nevertheless, this requires for knowledge of Information Loss Law (ILL) in Open Non-Equilibrium Systems (ONES) [6, 9]. Earth nature system belong to the ONES, and ILL restricts direct restoration of the Past systems memory, which is dissipated over a multi-dimensional Natural System [10]. It computer double in real time (yet none exist) is titled as Changing Digital Earth. This 
Is the major ‘temporal’ barrier. To cross over this barrier is necessity to find new drivers (2D layer of upper mantle, as a driver of tectonic processes. 
The two river basins, provided by meteorological records (precipitation and air temperature) on duration about 20 years, running of the corresponding VNS with daily step by use almost only formerly observed data) resulted in more than satisfactory coincidence with their real originals! This seems as amazing results, because of use only observed records. No statistics, probabilistic, and analytical  methods were not used! It gives a foundation for use only external data and data on initial systems state. Coincidence with observed data was good, but only for a one day ahead. By further, the nature system depends on future eternal pressure/impacts (which has observed records as almost ‘white noise’, and are not predicable).
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