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Abstract:  The objects of investigation are the most widespread Nature Systems on the Land - River Basins, their GeoDynamics, and GeoInformatics. For the purpose were worked out the Virtual Nature Systems (VNS) as computer doubles of River Basins and of their components in view to research their Dynamics and Evolution under continual influence of external factors, in analogy with the Actual Nature Systems (ANS). 
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1. Introduction 
River Basins belong to the Open Non-Equilibrium Systems - ONES (Prigogine, et al. 1984 [10]), which are always under continual pressure of external Exogenous (Climatic) and Endogenous (Tectonics) factors. Observing for river basins by geomorphology methods shows that Water and Sediments flows throughout the River Basin generate oscillations (meandering and branching) and thresholds (changes of structure and sharp hazardous flows), both in dynamics and evolution time scales. The problem for reconstruction of its history by observed tracks (sediments and river terraces) is in assessment of ability or these tracks to be natural records for the history has the obstacle in the Information Loss Law, as a result for own dynamics of the Systems. The discussed are: a) Information lacks and distorts in the Natural Records; b) properties and problems of the Virtual Nature Systems. 
2.  A ‘cost’ for Ignorance the Information Loss Law in the ONES 
  This problem is a foundation for elaboration of computer doubles of Actual Nature Systems (ANS). The Virtual Nature System - River Basin (VNS) can reproduce dynamics and evolution of the Actual Nature Systems. For the purpose was used basic proposal for oscillations in evolution of nature systems. The Virtual River Basins exists under the same external influence as the ANS, by take it account major inner interactions and flows in the System. The first simplified computer model for the River Basins was worked out as several segments of single valley with estimation of water flows through the System. Increasing of water flows downstream and tectonic deformations for all or separate sections were provided by table functions. Change of riverbed’s width during its cutting was generates by stochastic processes or as a table function for oscillation of river’s discharge. Tectonic deforms of section increases upstream from a mouth. It is deterministic model with stochastic input of external factors. The Virtual Valley was experiences for many scenarios of both factors. For even section was estimated transport capacity of flows, which caused several responses: cutting of upper section in dependence of transport capacity of sediments, in dependence of difference between sections height. In dependence on value of transport capacity the response was by three cases: erosion, denudation, if simple transit of sediments. The riverbed width changes by widening of narrowing of the bed (Klenov, 1986 [3]). The general proposal was stochastic variation of riverbed oscillation in the time without trends by stochastic stationary process.
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Figure 1. Computed terrace complex (cross section) by proposal of multiple
Riverbed oscillations
In the process of simulation was received effect of forming of river terraces (Figure 1). On the Figure the thick borders of cross section define the cross section at the moment t=0 (present Time). Terraces on both borders are usually interpreted as general stages of evolution during the Quaternary. Thin lines are the alternative hypothesis of riverbed’s width oscillation in time. This process is accompanied by multiple forming and later removes of the levels. Number of level during the time varies by statistic oscillation of width usually between 2-5 levels. The both first and second hypothesis explain terrace rank, but the second one (high frequency oscillations) is preferable because of it better explains variability of together observed and modeled terrace complexes along a valley (Figure 2). The comparison of observed and computed complexes (Klenov, 1981 [3], 1985 [4]) resulted (both by data of Observations and Statistic modeling) in several important conclusions as follows:
a. Stationary stochastic process of riverbed oscillation is fixed in present state of a valley as a Terrace Rank with increasing of a vertical distance between the neighbor terraces upslope;

b.  Most of terraces were removed in process of a valley deepening;
c. The initially uninterrupted levels (along a valley) becomes fragmentary;

d. Most of terraces are fragmentary initially;
e. The heights of synchronic terrace levels (former riverbeds) oscillate during a valley, making levels hardly correlated.
f. Terrace rank statistically is the Invariant (Figure 1) to a history of a river valley, because of it saves and reproduces not a history as a ‘Natural Record’ but in realty reflects own dynamics of a valley.
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In the Geomorphology field practice, the levels for more or less equal height are assigned as simultaneous (because of absence of truthful dating of each fragmentary level). The existing methods of the dating make the hypothesis of stochastic oscillations preferable to explain observed facts.
Figure 2. Observed (left) and computed terrace complexes.
These outcomes in following general conclusions: a) temporal blanks of a history between terraces increases upslope, making an illusion of trend for a climate/tectonics history, b) increasing for a frequency of terraces downslope makes illusion for increasing frequency of climate/tectonics oscillations from the Past. These illusions are still happens not only among non-specialists, but also among geologists and geomorphologists, especially in explanation of trends in other natural records (ice, sediments, tree rings, et al.). 
The general conclusion is that the Natural Records cannot be used for any historic interpretations, because of they cannot be objects of statistic and spectral analysis by making false trend for frequency and trends in the history and having increasing in the Past blanks in the records. Unfortunately, this simple model and many other statistic models of terrace ranks, terrace complexes, and sedimentation dynamics are until now ignored by geologists and geomorphologists. The false trends are written in accepted numerous Stratigraphy Schemes. Otherwise, the most part of the history stays blank, and in these blanks may be inserted any historical events, and not by a single way! These results are in coincidence with general properties of the ONES. Primary, just now interpretations of trends in Ice, Marine, Continental sediments, and in other Natural Records have not truthful foundations.
Finally, research for Temporal Dynamics of the Nature System results in formulation of the Information Loss Law (Klenov, 1981 [3]), which is written by simple statistic (and probabilistic) equation:
Ph = h-b, where, P - probability of terrace saving on a height above riverbed, h – height above a riverbed, b – parameter, which decreases below 1 with lowering of valley’s slopes sharpness (b<=1).

3. Benefits for the ONES
The VNS-RB was implied by the DOS/Fortran77 for a medium scale river basin (the Moscow River upstream), with grid’s resolution 100m. The VNS-RB for the Moscow River upstream was implied and satisfactory validated by of meteorology records for 20 years (Klenov, 2000 [7]). The main purpose was validation of spring and summer floods by statistic and other criterions. The extended version of the VNS (Klenov, 2003 [8]) obtains ability to recognize and follow up disastrous debris flows. It was done by stretching of a time step simultaneously with initiation of debris flows (in any part of a mountainous basin) by exceeding of geomorphology-based threshold. Then the VNS tracked the debris flow downstream until conditions of debris flows continued. The thresholds were calibrated by two years daily meteorology records (with and without debris flow events), and then the monitoring was prolonged for about 20 years with full coincidence of independently observed and computed accidents, with effects for debris flows meandering, branching, strong local sedimentation, forming/cutting of sediment jams, and others. 
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Figure 3. Computer’s map for Debris Flows Risk.

The VNS-RB was rewritten for the Visual Fortran language and was installed for the same mountainous basin, with a grid’s spatial resolution 10 meters. It is satisfactory geomorphologic condition for estimation of debris flows widening, narrowing, and branching. Because of debris flows happen often inside a one day recording step then during the current step the tracks are set over current map, by overlapping.
Mapping of Debris Flows Risk (Figure 3) is set in separate Matrix layer. It is a foundation for Land Use planning, for Insurance, and for other aims. The map was evaluated by the PC Windows XP under scenario of Warming (by enlarged Air Temperature and Precipitation). The Mapping is provided regularly and automatically in all time of monitoring. The computer image (Figure 3) contains all tracks of debris flows for only 30 days. Size of the Matrix is 540*540 cells. It is the prototype of the System for regional real-time monitoring of Disasters for any vulnerable area. Evaluation scenarios for earthquakes, strong storms, and enlarging human’ activity demonstrates that the ONES strongly sensitive to decreasing of soil resistance by tectonic faults and other reasons, sensitive to any deforming and incline of earth surface with response by catastrophic debris flows. The ONES does not generate storms and earthquakes, but it skills for quick response on these external impacts by sharp enlarge for disastrous processes.
The executing of the VNS-RB is in good similarity to earth processes: virtual water fills up all reservoirs, destroys dams after their overfilling, and loads sediments and pollutions, as actual water flows do it. Velocities of water flows are variable over an area in accordance with riverbed incline and with other geomorphology conditions. All information on current processes may be read by location of cursor on any cell, by contour mapping of an area, and by corresponding records for observed and computed influences and processes on assigned points (virtual Gauge Posts). It provides functions for the GeoDynamics and GeoInformatics for the Nature Systems. The GeoDynamics of the ONES is a result for reforming of external (Meteorology) and internal (Tectonic) influences to non-equilibrium Environmental flows. The non-linear GeoDynamics of the ONES is a main source and reason of disasters (Floods, Debris Flows, Dam faulting, et al.). The GeoDynamics & GeoInformatics of the Nature Systems are indivisible. 

The accuracy of the VNS is provided by continual comparison of computed events with actual ones (Klenov, 2000 [7], 2003 [8]) because they both have the single – actual external influences. May be, in the future will be available real-time connections with information sources (Hiromichi, 2003 [2], Altan, 2004, [1], Laurini et al., 2005, [11]) , Then the 2D satellite data should be immediately reformed by the Information Machine of the VNS to assessments of all actual flows, with a recognition of all hazardous flows in any sites of an area. The efficiency for Warning-Response System depends on efficiency of interactions between: satellite – computer - end users. Locations and power of water related accidents might appear on   display, or even in the Internet through a few minutes after or even before accidents initiation, in dependence of the accidents sites and distance to vulnerable sites. The sources and tracks of extreme flows are automatically recognized by the VNS and followed up through an area. 
The external spatial-temporal dynamics of the Active Energy (Precipitation and Temperature) activates spatial-temporal GeoDynamics of a Nature System. The corresponding GeoInformatics provides timely observing, assessment and urgent response (may be, automatic) on hazardous situations. Spatial-temporal stochastic dynamics of exterior factors (climatic), spatial-temporal stochastic dynamics of interior influences (tectonics) both provide spatial-temporal stochastic GeoDynamics, as spatial-temporal structure and power of flows. This ‘Wild Dance’ of external reasons and System’s responses (GeoDynamics) are satisfactory recognized and followed by the Dynamic Mapping (GeoInformatics). This complex task is reliable for the VNS both in actual and scenario experiences, under condition of high-regular or real-time monitoring by the 2D information sources. Particularly, continual mapping for Debris-Flows Risk and for Floods Thread should be completed by ‘Summary’ or ‘Current’ (or both) regimes of mapping.
4. Problems for the ONES
The Open Non-Equilibrium Nature Systems (ONES) are major mechanics of non-equilibrium processes in most nature systems and major source of all water related disasters over the Earth. It becomes obvious in result of direct observing and modeling for response of the Nature Systems on all external powers. When non-linear pressure meets non-linear response, then disasters happen. 
The major problem for the ONES and the VNS is that the systems are non-predicable because of deficiency for prediction of exterior reasons (Weather, Climate, Earthquakes, and Tectonics). Resources of the Virtual Systems still exceed their provision by predicted data, by mechanics of processes and interactions in the external governing Systems. For example, precipitation pattern for earthquake’s Power, Place, and Time are still non-predicable to be inserted in the VNS, but de facto is immediately estimated by response of the Nature System on the events.
By other words, it is the strong necessity in acceptable methods for extraction of continual data not from non-complete Natural Records, but from a memory of the Natural Systems. This is a property of the ONES’ phase trajectories (Figure 4) to never coincide with non disturbed one, and to never return to not-disturbed trajectory after external influence. Always is a hope to extract the memory by moving ‘Ahead to the Past’ along the trajectory to restore all relevant external influences (‘Natural records’) and all history of the System’s dynamics. The alternative is that the actual Past and the Future will be always unknown for use in practice.

[image: image4.png]A 1 Ra3R.098 e T.373088 SR ek ko B SIIG K A RS &3 FREOSIONIEWERGY

20.00000 211 0.9413452 Enp 1zu 0.5000000 L

Pr Tew Q S4 En R

Pr - Precipitation (observed)

Tem- Air Temperature (obs.)

Q- Discharge (computed)

Sd -Sediments (computed)
En -Energy of flows (comp.)
WR- Water resources (comp.)
1,2 - Gauge posts (virtual)

34 174 Date:02/18/08 Time: 16:58:01 Begin: 13:05:59
Nz 24s2.811 Wa 0.0000000E+00 Sn 9.4499999E-05 T -3.476864 Li
20.00000 211 3075572 EnP  8.5778758E-03 zu  0.5000000



In the beginning for the Nature Systems modeling was done attempt to restore a Map for the Past together with corresponding restoring for records of influences (Klenov, 1987 [5], 1989 [6]). The attempt was to evaluate step by step the Past states and external regimes by moving back along the Phase trajectory (similar to Figure 2).
Figure 4. Phase trajectories of a Basin’s model, in axes: ‘Bed’s Width’ – ‘Riverbed’s Incline’ under small (left) and large Precipitation.
For the purpose was applied statistic method for step-by-step moving to the Past along the trajectory with multiply returning to previous state after non-successful step and with saving of satisfactory steps. Initially the small size Matrix and simple model (initial version of the VNS-RB) was computed on ancient computer for several steps ahead. Then the resulted last stage of ‘direct’ modeling was assigned as the initial for estimation of the Past. The first (and all current) step of the evaluation determines all following steps. Therefore, the task was restricted by the first step. The received before all steps of the direct modeling are not used in the ‘Back Task’, and are used only for estimation of exactness (what never happens in realty). Results of the numerical experiment are below:
Table 1.  Assessment for the ‘Back Task’ decision.

A – ‘Initial’ relief
	4.770
	2.898
	1.321

	3.758
	2.286
	1.046


B – ‘Reconstructed’ Past relief 
	4.961
	3.009
	1.360

	3.856
	2.344
	1.070


C – ‘True’ Past  relief 
	4.942
	3.000
	1.367

	3.865
	2.345
	1.072


Difference between B and C is a measure of accuracy. Resulted is the meaningful trend to decision of the Back Task. The method for compare for evaluated B and a priory known C is not acceptable in actuality. For the purpose of actual cases it is proposed other method. It is a difference between the initial A and the estimated A by return ‘Back to the Future’ from the B to the A. The task was not finished exactly, but it seems, that a single way to complete GeoInformatics for the ‘ONES’ lies in use of completed Virtual Nature Systems. Commonly mistake for reconstruction of the Elevation Matrix was 8%. Mistake for the reconstructed Precipitation was 12%. Converge of decision by many iterations gives a hope to increase accuracy by powerful computing. However, it was applied only for a model.
5. Conclusions
Together with the VNS – River Basin were worked out other models. The first is the VNS – Coastal Zone, which was satisfactory applied for evaluation of bottom/shore abrasion and sedimentation under wind wave influence in several gulfs of the Japan Sea. The second is the coupled VNS which joins models for the River Basins and for the Coastal zone (‘RIDEC’). Evaluated was a variety of scenarios for Dynamics and interactions between two major Systems of the Earth. The RIDEC uses separate complexes of external drivers and of inner processes inside a common Matrix. In the RIDEC processes of both separate systems are partially overlapped. The RIDEC was installed as the Virtual Double for the Rhine Basin and for the Coastal Zone of North Sea. It was used for scenarios of GeoDynamics under common and local Precipitation, for soft and sharp tectonics distorts of the vast area, trends, and oscillations of a sea level, and others, and for several years. This is convenient object for evaluation for traces of Cyclones simultaneously with sea level changes, for influence of Land Use policy on erosion, for influence of dams/reservoirs on floods mitigation, for evaluation of toxic pollutants spreading through rivernet and coastal zone, and other tasks. 
The discussed above GeoDynamics of the ONES by their Virtual Doubles shows total deficiency of data for long natural records of external factors in view to divide problematic Natural climate warming from the Actual Warming due non-rational human’s activity. The GeoInformatics and the GeoDynamics of the ONES is provided only by real-time and for directly observed meteorological and other records.
Otherwise, necessary records due the Information Loss Law in the Natural Records de facto do not provide the GeoInformatics for the Evolution of the ONES. It stays the governing problem for reconstruction the Past and Forecasting the Future of the ONES. The method for restoration the ‘Memory’ of the Natural Systems seems the evaluation and analysis for their Strange Attractors for the purpose to imply their properties to follow Back along a single string for the Evolution. 
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