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ABSTRACT: The main tasks and expected results of a joint Russian-Bulgarian scientific
collaboration and research activities are discussed. Investigations are planned to be carried
out in the frameworks of a project on the development and implementation of advanced
technologies in aerospace remote sensing of the Earth’s surface within 2006–2010.

1 INTRODUCTION

During the last years, destructive processes caused by natural disasters or anthropogenic
activity are in the focus of scientific research and occupy the attention of state and
government authorities. A great variety of multipurpose programs and projects on the
environment study and control has been developed. In all of them the first and most
essential step is land cover, phenomena and processes monitoring at regional and global
scale. The necessary data can be provided by a complex of instruments installed on airborne
and satellite platforms thus implementing a multiscale and multitemporal approach. On the
other hand, the interrelated nature of many environmental problems predetermines the need
of data integration and information sharing between different databases.

Since the environmental situation varies from site to site it is necessary to begin with
regional monitoring and then to cover larger territories. We suggest for regional
monitoring to rely on cost-effective research from well equipped small aircraft
platforms in combination with ground-based stations. Land cover state assessment and
change detection will be performed and risk processes will be evaluated by using data in
the visible, infrared and microwave spectral bands. In this paper we present the main
goals and tasks of the project, the technical equipment and some aspects of the
methodology in applying a synergistic investigation approach using radiometric and
imaging sensors. The results of aerospace observations and implementation of advanced
data processing technologies will permit to work out proposals and recommendations
for forecasting ecological catastrophes and their consequences, and to detect ecological
systems in a risk state.

2 PROJECT GOALS

* Thematically oriented studies of land covers and water objects;
* Suggestions on the instrumentation content and technical parameters for ground-

based and aircraft platforms;
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* Carrying out of laboratory, field and airborne experiments, data processing and archiving;
* Joint use of microwave, infrared and optical sensors in soil moisture and vegetation

studies;
* Analysis of multispectral and multitemporal data integration for assessing

hydrological conditions and vegetation state;
* Validation of algorithms for data thematic interpretation;
* Development of thematic databases;
* Recommendations on the effectiveness of experimental studies and task-specific

methodologies;
* Operational application of the research results in agriculture, forestry, hydrology, risk

assessment and mitigation;
* Development of a Geo-Information Monitoring System, including on-ground and

aerospace monitoring and modeling;
* Proposals on the future development of technical tools and methodologies for on-

ground and aerospace monitoring of the Earth’s surface and multipurpose data
implementation.

3 SCIENTIFIC EQUIPMENT AND MAIN TASKS

Visible Spectrometers
–Soil erosion, moisture, swamping, flooding, soil fertility;
–Condition of inland waters (pollution, water-plants overgrowth);
–Vegetative canopy assessment (type, biomass, diseases);
–Agricultural crop state (germination, phenological stage, biomass, stress detection);
–Air chemical content.

Infrared Spectrometers
–Snow cover assessment (pollution, boundaries);
–Soil and water surface pollution;
–Fire sites detection (localization and boundaries);
–Areas with shallow water and flooding.

Microwave Radiometers
–Soil moisture, mineralization, swamping;
–Condition of irrigation and drainage constructions;
–Depth to water table;
–Shallow water and flooding;
–Soil temperature contrasts;
–Snow cover condition (water equivalent, pollution, boundaries);
–Condition of inland waters (pollution, mineralization, water-plants overgrowth);
–Vegetation assessment (biomass, changes in plant type, diseases);
–Agricultural crop state (germination, phenological stage, stress detection);
–Ice on inland waters and road covers;
–Fire sites localization and boundaries;
–Underground detection (structure and localization of buried objects and industrial

waste);
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–Revealing and risk assessment of ecologically and epidemiologically dangerous
zones.

Radars
–Soil erosion;
–Land surface topography (relief, sliding);
–Condition of forested areas (tree type changes, glades and cuttings, diseases);
–Pollution and boundaries of inland waters;
–Ice sheet on inland waters;
–Boundaries of snow cover;
–Underground sensing (state of communication networks, structure and localization

of buried waste).

This instrumentation and the necessary software are available and have been used in
experimental studies and different investigations.

4 DATA EXAMPLES

A few examples are given below illustrating the thematic implementation of different
data.

Fig. 1 presents a soil moisture map, obtained by a mounted on a mobile platform
microwave radiometer operating at the wavelength of 21 cm.

In Fig. 2 the mapping of leaking areas is demonstrated using airborne microwave
data from a scanning radiometer at 5.0 cm.

Fig. 3 presents the results of a land cover classification (water objects, urban areas,
healthy and diseased vegetation) of an industrial zone near Chernobyl performed on the
basis of data fusion from two optical devices with 30 m and 300 m spatial resolution.

Figure 1. Soil moisture map.
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Fig. 4 shows in-situ experiments for investigation of sea gravity-capillary waves
using microwave and optical instruments.

5 CONCLUSIONS

The joint use of remote sensing instruments operating in the optical, infrared and
microwave bands will permit the development of an effective approach for investigating
and assessing the environment-related impact of:

Figure 2. Leaking areas map.

Figure 3. Land cover classification map of the industrial zone near Chernobil.
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– Industrial activity;
– Urbanization;
– Mining activity;
– Ecocatastrophes of anthropogenic origin;
– Natural disasters;
– Climate changes and weather factors.

This will help to better understand the on-going processes and will assist the
mitigation of the unfavourable and even dangerous affects on ecosystems and Earth’s
ecological balance.
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Figure 4. Investigation of gravity-capillary waves in the Black Sea.
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