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At recent time in our changing world, at the age of global changes of environment, investigations and mapping of natural and economical geographical phenomena dynamics became one of the prime significant branch of remote sensing application. Numerous papers and books are devoted to this subject (Orlov, 1975; Knizhnikov, Kravtsova, 1991; “Recent Global ...”, 2006).
In previous works on aerospace investigations of dynamics the conseption of multi-temporal image was introduced. Multi-temporal image represent the aggregate of one-moment image and a series of different-temporal images (dynamical row of comparisonable images) of the same object. Conversion to digital methods of surveying from satellites, recent improvement of space images resolution and creation of stereoscopic survey cause the necessity to estimate the possibilities of using stereoscopic observations and measurements in dynamical investigations with applaying of developed methods of changes interpretation.
Dynamical interpretation of one-moment images is based at geographical indication with using of space-temporal genetic series. This type of interpretation may use non-stereoscopic, single images, but in some cases applaying of stereo-pairs of one-moment images promote to more certain and reliable interpretation of indicators.
Various aspects of dynamics are displayed by interpretation of one-moment images. So indicators of past state of object help to restore its former distribution. For example, distribution of a mountain glacier  to the past is restored by position of final and lateral moraines ridges (fig. 1). It is natural, that for study of these forms of a relief stereo-observations by stereo-pairs of one-moment pictures are more effective.
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Fig. 1. Ridges of the postponed lateral and final moraines display distribution of glaciers to XVII century. Glaciers in valleys Adyrsu (а) and Adylsu (b), the Central Caucasus. Aerial photographs.
Many forms of exogenic relief serve as indicators of relief generation processes. The terraces of the river valleys having ledges of different height, expressed in a relief , specify intensity of rivers erosion. Such terraces also are well expressed on the stereo models taken by aerial photographs. 
Some of indicators, mainly, landscape, helps to establish a dynamic stage of development of object. Such role at studying of criogenic thermokarst relief is played with a ratio of the area of thermokarst lakes and alases – meadows formed at their growth by vegetation. Just the formed lakes which are not having strip of meadow vegetation around of a reservoir, testify to a relative youth of thermokarst relief; reduction of the area of lakes with appearance of vegetation in their peripheral parts and formation of boggy meadows - about maturities, and prevalence of meadow vegetation in alases hollows without lakes or with small residual thermokarst lakes - about decrepitude of this relief.

Among versions of indicators indicators of movement  represent special interest; there are single moved subjects (markers) or mass (trassers). Beaten ice concern to them, tracer movement of waters in the sea (fig. 2), temperature structure of a surface of the ocean, visualizing currents and whirlwinds accompanying them (fig. 3). 
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Fig. 2. Movement of waters at coast of Antarctica, trassed by beaten ice. An image from Landsat satellite
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Fig. 3. Current Gulf Stream in a thermal infra-red image from  NOAA satellite
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Fig. 4. Median moraines of glacier Fedchenko.                Fig. 5. Aeolian relief of desert sands.
    Image from Resource-F  satellite                          Image from Resource-F  satellite
 Figure of crevasses on surfaces of a glacier, median moraines on a glacier (fig. 4), aeolian forms of a relief of sandy  and the snow surfaces, caused by ground wind streams (fig. 5). Usually  they are used in the work with single pictures where these indicators visualize a direction and character of movement, but with use of stereopairs of one-moment images the reliability of interpretation increases for many of the listed objects, especially concerning to a relief. Thus in some cases  a combination of indirect interpretation by indicators with stereoobservation is effective.
Investigation of dynamics  by a series of different-temporal images provides other techniques. First of all it is fixing of position or distribution of researched object to the different moments of time on each of images of a series - so-called consecutive interpretation, giving a material for a series of multitemporal maps and the subsequent studying of changes by them. Multitemporal images with well allocated for them (or specially allocated) researched objects as well as compiled by them maps can be composed in the computer animations giving evident representation about development of the investigated phenomenon. It is expedient to study a question on an opportunity of creation of three-dimensional animations.

To fix change of spatial position or a state of objects  comparative interpretation is applied.  As a result of comparison of multitemporal pictures changes of borders, changes of the areas of spatial objects are determined, also moving of dot objects, speed of their movement; and maps are compiled, which characterize the changes of geometrical characteristics of objects, directions and speeds of movement of dot and linear objects. Such kind of images use is realized at revealing zones of regress and transgression of reservoirs, glaciers mooving forward or retreet, dynamics of snow melting, changes of the areas of woods, the agricultural fields, areas of buildings. For revealing change of the areas in most cases it is enough to use single (not stereoscopic) pictures. But for three-dimensional objects stereo-observations and measurements of stereo-pairs of images add   an opportunity to determine changes of height in addition to changes of the areas. So, at studying long-term dynamics of glaciers by multitemporal stereopairs  changes of height of their surface are determined and mapped, that in turn allows to calculate changes of volume of ice, to judge mass balance of glaciers. At studying seasonal changes  of snowline position on a glacier definition of changes of height of snowline is added which is used as a parameter of mass balance. At studying of urbanization processes and dynamics of city building areas, changes of buildings heights connected with quantity of floors can be revealed. 

Comparative interpretation is applied also at research of dynamics changes of objects which spatial position remains former, but their state varies (or one object is replaced by another). That is reflected in changes of brightness or structural characteristics of the image. In this case changes of brightness or structural  attributes are fixed and maps of changes of a state or replacement of objects are created. As examples studying seasonal and long-term changes of natural vegetation, agricultural crops, an agrotechnical condition of fields, spring drying of soils, drying of temporal lakes, saline soils, covering of reservoirs with vegetation, appearing of ice and ice breaking at water bodies serves. This kind of interpretation also is usually carried out on series of single (not stereoscopic) images though attraction of multitemporal stereoscopic images is on occassion expedient, for example, for monitoring changes of height of a forest stand at studying of new forest grouth at burned and cuttings down areas for what it is necessary to use large-scale aerial photographs.

One more kind of comparative interpretation is applied at studying changes of a state of objects which spatial position also changes, including moving objects. Here stereoscopic images are necessarily used. As the objects having complex spatial structure are investigated, not only models from different-temporal basis, but also total models from space – different-temporal basis are applied (fig. 6), and also seldom sold observation of the double different-temporal model including as it was specified above, two simultaneously observable models taken on different-temporal pairs of images.
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Fig. 6. A triplet of fragments of aerial photographs of a site of Medvezhiy Glacier (Pamir)
a, б - usual stereo-pair; в - an aerial photograph taken in week later.
 Three aerial photographs allow to observe two stereomodels simultaneously: usual (it is perceived at the left) which form is caused by a relief of a glacial surface, and model of moving (it is perceived on the right) which form depends on motions of blocks of ice
These the most complex variants of dynamic interpretation can be used for studying daily dynamics of clouds cover by images from geostationary weather satellites, for definition of a field of speeds of ice movement at glacier surface or for study of distribution of movement speeds of a stony material at surfaces of a talus or a landslides, speeds of water current in the river, for revealing surging glaciers.
And, at last, comparative interpretation of multitemporal images can be applied not only in researches of dynamics, but also to recognition of objects to time attributes. For example, definition of time changes of brightness and the analysis of multitemporal signature of object is quite often used for identification of agricultural crops by brightness changes of their image during the vegetative period in view of terms of their phenological phases passage – an agricultural calendar.

Role and kinds of use of stereo-images in researches of dynamics
The executed review allows to estimate the relative importance of work with stereo-images at different kinds of interpretation, used in researches of dynamics. It shows, that at dynamic interpretation of the one-moment  images, basing on indicators of dynamics, stereo-pairs of images are used for more reliable interpretation of objects which relative heights can be an indicator attribute (or to strengthen it). It concerns, for example, to height of a forest stand on an avalanche cone, where age of a wood (and consequently also its height) serves as a parameter of frequency and prescription of avalanches activity (fig. 7).
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Fig. 7. Distribution of vegetation at avalanche cone as a parameter of frequency and prescription of avalanches activity. Adylsu valley, the Central Caucasus. An aerial photograph.
At dynamic interpretation on series of different-temporal images when using of not indirect (indicational) attributes, but direct interpretation attributes, is more often,  the same character of use of stereo-images for definition of height of objects in different moments and its changes (for example, changes of height of the forest stand determined on usual stereopairs of pictures for different dates as a parameter forests restruction on burned or cuttings down sites) is in part kept. But the main stream of use of stereo-observations and measurements by multitemporal images is connected to discovering moving objects on a basis of pseudo-stereo-effect, arising at surveying from different-moment basis, and with reception of quantitative characteristics of such movement on the basis of  model of moving measurements. So glacial surges,  landslides, moving of stony material come to light. On a basis of stereo-photogrammetric measurements of a differet-time parallax it is possible to determine size of a material displacement, and knowing the period of time between surveys, to calculate speed of movement of ice on surfaces of a glacier, speed of moving of a stony material on various sites of a talus or a landslide, speed of movement of cars on road or a sailing boats on the river and in the sea.
Thus, use of stereo-pairs of images at studying dynamics of the geographical phenomena has rather limited application in comparison with numerous technologies of study dynamics on single multi-temporal images - one-moment and different-temporal. But this limited circle of techologies has basic value for some areas of researches, providing the information which cannot be taken or be taken too difficultly by other methods.
As a whole all kinds of use of stereoscopic images at researches of the geographical phenomena dynamics can be divided into three groups.
1. Traditional definition on stereoscopic images of height of objects and changes of this height due time as direct parameter of dynamics, when change of height is the researched changing characteristic. Here we deal with occurring at different times stereo-pairs of images and consecutive definition of height of objects for the different moments of time on each of them. As examples it is possible to name change of buildings floors in city, definition of height of trees as parameter of restoring of vegetation at burned and cuttings down sites or as parameter of change taxation characteristics of a forest stand with the years, and, certainly, researches of changes of a relief - natural (formation of erosion forms) and anthropogenous (dredging in quarries, growth of spoil heaps at mineral processing plants).
2. The second kind of use of stereoscopic images in researches of dynamics is connected also to definition of height of terrain objects on stereo-model, with that difference, that this height is not a direct parameter of the changes, but an indirect parameter of dynamical process, its indicator determined on stereo-pair of one-moment images. The most typical example here - definition of frequency and prescription of avalanches activity on an avalanche cone which are displayed by distribution of stony material and vegetation (see fig. 7). On a part of a cone, covered by avalanches in year of survey,  destroyed vegetation has no time to be generated; this part of cone is covered with a stony material with spots of grassy vegetation and residual avalanche snowpathces. This zone usually located in the central part of a cone, is bordered by a zone of continuous grassy vegetation with young shoots of salix-birch curved plants in the height 1-2 m corresponding to a zone of avalanches activity 2-5-years of prescription. Further continuous young birch curved-wood in height 3-5 m display an operative range of avalanches activity of 5-10-years prescription, sites of old birch curved-wood in height 10-15 m - a zone of avalanches activity 20-25 years ago, sites with a pine forest in height of 20-25 m at edges of a cone and behind its limits - a zone outside of action of avalanches in last decades, and age of a wood gives the possibility to judge prescription of a break in avalanche activity on these sites.

3. Use of different-temporal images taken from different-temporal basis has essentially other character. In this case at formation of stereomodel another parallaxes arise. Here there are the parallaxes caused by change of position of object for the period between the moments of survey, carried out from the same point. This kind of survey allows to allocate moving objects among motionless (or quickly moving among poorly mobile) and to determine quantative  characteristics of movement - size of displacement, its direction and speed of movement.
This method is applicable both to separate small dot objects, and to a changing surface as a whole. An example of the first - moving transport objects (cars in the street of town or highway, fixed by space images of very high resolution). An example of the second object - a surface of a glacier, a body of a landslide or a talus when observation of all moving surface and studying of distribution of speeds of movement on a surface of all object is possible. So speeds of movement of some glaciers of Elbrus have been investigated using materials of specially carried out phototheodolite survey.

Definition of quantitative characteristics of movement on space images with their rather small resolution is more difficult, but they appeared effective for revealing the objects distinguished from others under characteristics of movement - surging glaciers, when images taken with an interval of some years give the possibility to distinguish the glaciers which have tested surges during the period between survey (Fig.8).
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Fig. 8. Glaciers of a ridge Peter Pervyi (Pamir) on different-years images from
the Resource-F satellite (camera KFA-1000): a - 03.09.1972; b - 12.09.1973.
Three-dimensional visualization of images with using of pseudo-parallaxes allows to reveal becoming more active glaciers and to predict a surging motion of the right top glacier
In all cases of use of pseudo-parallaxes special requirements are showed to images and conditions of their stereo-observations.
The review of practical application of stereoscopic images in researches of dynamics, made in the report, shows, that the most part of such researches is carried out without stereo-pairs of images; but when they are applied, they give very important information which is not provided with other methods. This conclusion is in full conformity with the general role of stereo-images at the Earth scienses remote researches. Such conclusion corresponds also to value of three-dimensional vision in visual system of the human and other alive creatures for which stereo-vision provides the vital information during the critical moments. Here, obviously, more general natural law is shown.
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