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Abstract. Forest ecosystems are major part of Russian natural resources. Sustainable forest management requires that decision-makers have access to up-to-date, accurate, and credible information on forests. However, the existing forest inventory data in Russia are often outdated and administratively filtered to present better official picture of available forest resources. To ensure a sustainable level of using forest resources, new independent and reliable inventory methods are need. The medium resolution satellite imagery has no alternative for making it with acceptable quality and in reliable timeframe. The forest maps have been produced for pilot region in European Russia by combining change detection and classification methods. Four species classes and three age classes allow making a simple general estimation of the forest resources available, as well as measuring the total clearcut area. Comparison of the official (forest regulation data) and project results has been shown the absence of significant difference between this data. Initiative to cover the whole North-western Russia is now in progress.
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1. INTRODUCTION

Russia is in the process of reforming its forestry sector. The Forest Code of 2007 and following regulations transfer the responsibility for forest management from the national government to the regions. This decentralization process could catalyze experimentation and implementation of new sustainable forest management practices and policies. This article introduces a new approach to creation of alternative forest maps for inventory, monitoring, and resource assessment based on medium resolution satellite data. The latest currently provide the 30-35 years retrospective view of forest cover changes. Other substantial advantages of the medium resolution satellite data are low prices (or free download) and capturing of up-to-date information at regular intervals. All this makes possible measuring the speed of forest resources consumption and weighting it against remaining resources available. The 57 and 30 meters resolution multispectral Landsat MSS, TM, and ETM+ data were used for sustainability analysis of Russian forestry model.

Located in European Russia Kirov region was chosen as the study area for development of the classification methods in forest inventory. Kirov region is of interest both to ecologists and forest managers. The area is remarkable by its high level of biodiversity. Main vegetation types include fir and spruce forests, pine forests, secondary and initial deciduous forest. On the other hand Kirov region is the oldest and key in Russian forestry. Due to forestry activities primary vegetation was changed very much. Thus satellite-based inventory maps could be suitable tool in analysis and monitoring for both conservation and forestry activities.
2. DATA AND METHODS

Imagery of three temporal and two spatial resolution types were used in the project. The medium resolution images from Landsat Multispectral Scanner (MSS, coverage representing an average date of 1970, 60-m spatial resolution), Landsat Thematic Mapper (TM, coverage representing an average date of 1990, 30-m spatial resolution) and Enhanced Thematic Mapper plus (ETM+, global coverage representing an average date of 2000, 30-m spatial resolution) were used to identify forest types. The Landsat images were obtained from the U.S. Geological Survey, USA.
1:200000-scale topographic maps were used to detect elements of infrastructure (settlements, roads, arable lands) and natural non-forest areas (meadows, bogs). These zones were excluded from further analysis.

Two-step satellite data processing technique was applied. The forest types interpretation was conducted through spectral-based classification. The image difference and Principal Component Analysis were used for change detection over the study area.

The classification was performed using ScanEx NeRIS software by means neural networks training (Kohonen’s self-organizing maps). Selection of field sampling points from various forest types was initial stage of this study. The second step of process was to visualize the reflectance spectrum of pixels from sampling points through image bands. The purpose was to select relative weights of satellite-bands for images classification. It was find out that band 3 (red, 630–690 nm) represents a maximum difference in DN between plant cover and mineral surface. While band 4 (near infrared, 775–900 nm) and band 5 (middle infrared, 1550–1750 nm) show maximum difference between various vegetation types. The next step was the training of the neural network through typical plant or mineral sampling points. Thereafter a classification of images by trained neural network was carried out.
Change detection was executed using Erdas Imagine by calculating the amount of change in brightness of the same area over the time. The bands 3 and 4 were used to compute the differences between TM and ETM images. Deforested areas were defined by brightness increase in the band 3, while reforestation – by brightness increase in the band 4 and decrease in band 3. Such an algorithm was not successful in MSS/TM change detection. So PCA – principal component analysis – was applied to detect changed area over the 1980s. The MSS bands 2 and 3, TM bands 3 and 4 were used for spectral transformation. The second and third axis detected clear cuttings only.

3. RESULTS

The derived interpretation and change detection results were joined to create two combined forest maps both average dates of 1980 and 2000. Four forest types and two disturbance classes were marked out:

1. Spruce forest

2. Pine forest

3. Deciduous forest

4. Mixed (spruce-deciduous) forest

5. Fire forest

6. Clear cutting

These two combined maps were confronted with each other to derive a final change map. The final map includes 35 classes in compliance with the transition from forest types of 1980 to forest types of 2000. The thematic interpretation (Table 1) was carried out to create retrospective map of forest stand of 2000. 

The change map was interpreted in accordance with a common knowledge of forest succession stages and field sampling points. For instance, spruce forests were related to mature forest because in studied region initial deciduous forest gave way to coniferous.

The analytic map significant for forest management was obtained. It is the map of ratio of the mature forests to clear cutting over a period of time from 1980 to 2000.

4. DISCUSSION

At last comparison of the official (forest regulation data) and project results was carried out. In spite of different ways of producing the significant differences between them were not revealed (Table 2).
To estimate the results we carried out also field verification. There were no less than 85% of coincidence in project data and presented in field. Differences, when occurred, were in some kinds of middle-aged forests which are in process of changing their succession stages. For example, some already mixed forests were detected as deciduous, because of crowns of deciduous trees are still higher.
Such good results promoted us to the expansion of project aims and now initiative to cover the whole North-western Russia is in progress. Steps of satellite data processing for this work are:
1. Landsat MSS (1970-1980)/Landsat TM (average 1990) change detection - in progress

2. Landsat TM (average 1990)/Landsat ETM (average 2000) change detection - prepared and published by Greenpeace Russia (Yaroshenko et al., 2008)
3. Landsat ETM (average 2000)/Landsat TM or ETM (average 2008) change detection - in progress

4. Landsat ETM classification (2000) -in progress
Based on described in this paper results, methods used in the global work were improved. Thus for Landsat MSS/TM change detection for some regions preliminary classification into two classes (“forest” and “non-forest”) was done and then change detection was performed. This way allows to detect both deforestation and reforestation (in our case we used it only for deforestation, because of Landsat MSS data not so good quality). 
Therefore, taking into account the availability and accuracy of medium-satellite data, suggested in the paper algorithm could be the most suitable alternative method in forest mapping and monitoring.
5. CONCLUSION

The new approach for forest resources assessment in European Russia has been presented; it is completely based on the medium resolution satellite data. It is supposed that suggested algorithm could be the most suitable alternative method in forest mapping and monitoring.
Change detection between similar but different types of space images (Landsat MSS vs. Landsat TM) could be performed through classification or by using of PCA method; both the methods give similar results.
Change detection between more similar data (Landsat TM vs. Landsat ETM) could be performed by image difference algorithm.

Neural network classification results for Landsat TM, Landsat ETM showed good results in comparison with official forestry data and random field data.
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APPENDIX

Table 1. Thematic interpretation of forest groups based on changes types
	№
	Species age classes of 2000
	Change types from 1980 to 2000
	№№ of changes types

	
	
	
	

	1
	mature spruce 
	spruce - spruce
	8

	2
	middle-aged spruce
	mixed-spruce, deciduous-spruce
	2, 3

	3
	pine older than 30
	pine-pine, non-forest-pine
	7, 27

	4
	pine younger than 30
	deciduous-pine, clear cutting-pine
	20, 22

	5
	mixed older than 30
	deciduous-mixed, mixed-mixed, mixed-pine
	5, 6, 15

	6
	deciduous older than 30
	deciduous-deciduous
	4

	7
	deciduous and mixed younger than 20
	non-forest-deciduous, non-forest-mixed, clear cutting-deciduous, clear cutting-mixed, clear cutting-spruce
	12, 13, 16, 17, 25

	
	
	
	

	8
	clear cutting older 10 
	clear cutting-clear cutting, clear cutting-non-forest, non-forest-clear cutting
	19, 21, 26

	9
	clear cutting of late years
	deciduous-clear cutting, mixed-clear cutting, spruce-clear cutting, pine-clear cutting, pine-non-forest, mixed-non-forest, deciduous-non-forest, spruce-non-forest
	9, 10, 11, 18, 23, 24, 28, 35

	10
	fire forest
	pine-fire forest, non-forest-fire forest, spruce-fire forest, deciduous-fire forest, mixed-fire forest, clear cutting-fire forest
	29, 30, 31, 32, 33, 34

	11
	non-forest area
	non-forest-non-forest, non-forest-spruce
	1, 14


Table 2. Comparison of official (forest regulation) data and project results
	Forest type
	Official data, hectare
	Derived data, hectare
	Official data, %
	Derived data, %

	Total forest area
	8104700
	7532253
	100%
	100%

	Coniferous 
	4028036
	3600991
	49.70%
	48%

	Deciduous
	4076664
	3931262
	50.30%
	52%


