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Abstract


The carbon balance of northern mid-latitude terrestrial ecosystems is uncertain, yet important for predicting future rates of CO2 increase in the atmosphere. Analyses based on atmospheric data and models show a net terrestrial sink that ranges between 3.5 and 0.7 PgC/yr in northern mid-latitudes (Tans et al. 1990; Ciais et al. 1995; Rayner et al. 1999; Bousquet et al. 1999a,b, 2000). Analyses based on forest inventories are lower but also variable, especially for Russia and the former Soviet Union, where estimates of carbon balance range between a source of 0.5 PgC/yr and a sink of 1.02 PgC/yr (review of 15 studies by Shvidenko et al. 1996). As Russia represents the largest single political unit in the northern hemisphere and contains the largest stocks of terrestrial carbon (Apps et al. 1993, Dixon et al. 1994), it is important to determine the current carbon storage and the net flux of carbon for this country. 

This project attempts to determine the current distribution of carbon storage in Russia and changes in that storage over the last decades with an approach that integrates forest inventory data, results of ecological studies, agricultural and forestry data on land-use change, and a combination of Landsat and MODIS data and products. 

The forest inventory system in Russia has collected consistent and detailed stand level information on millions of hectares over the last decades. Despite these detailed forest inventory data, carbon budgets constructed from them vary considerably, in large part because of the manner in which the primary inventory data (data from individual stands) are aggregated for regional and country-wide estimates. We shall not use the aggregated totals but, rather, the primary stand data to calibrate Landsat TM scenes in 15 locations throughout the country. We will scale-up these Landsat classifications to the entire Russian territory with MODIS data, and use the coverage to determine current rates of disturbance (for example, areas clear-cut or burned) and regeneration in each ecosystem. 

1) Research Fields
2) Geographic Area
3) Remote Sensing
4) Methods/scales
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Questions, goals, approach

Questions

Two of NASA’s  Earth Science Questions are being addressed in this work:

1.  Where are land cover and land use changing, what is the extent and over what time scale?

2.  What are the causes and what are the consequences of LCLUC? 

Social science has not contributed formerly to this work.

The theme of the work is Carbon (100%).
Goals

The overall goal of the research is to determine the current distribution of carbon in Russian forests and changes in that distribution over the last decades as a result of land-use change and disturbance.

The goal for this period of performance was to develop regressions that predict forest biomass from Landsat visible and infra-red data.  The goal was to develop regressions for about half of the 15 ecoregions identified in the first year of the research (Figure 1).

Table 1 shows that we developed regression successfully in four administrative regions (Murmansk, Karelia, St. Petersburg, and Kursk).   We also completed most of the work leading to regression development in approximately half of the eco-regions.

Approach

At the vydel (or polygon) level, we converted forest inventory data (wood volumes/ha) to total biomass/ha, and developed regressions between these individual values and Landsat data (30m spatial resolution). The regressions are Reduced Major Axis Regressions (RMA technique), performed on the results of Canonical Correlation Analysis (CCA technique) (Cohen et al. 2003).  Initially we classified each Landsat image into five forest types (pine, spruce, mixed conifer, deciduous, and mixed forest) and determined regressions for each class.  We found, however, that in the eco-regions we have studied to date, regressions based on the unclassified biomass data explained as much of the variability in biomass as regressions for individual classes. Thus, we are simplifying the approach.

Progress, next steps, and most significant results

1. We acquired forest biomass (ground) data for 7 new locations (Murmansk, Karelia, Udmurtia, Kursk, Magadan (leskhoz data only), Khabarovsk-North, and Khabarovsk-South) (Table 1). For two additional sites (Khanty-Mansi and Tjumenskaja obl.), data acquisition is in progress. Further acquisitions will be based on the assessment of project needs in terms of geographic coverage and data types.

2. Leskhoz-level data were processed and compiled into summaries for 37 different leskhozes, including 14 newly acquired for the project (Table 1).

3. We mapped forest inventory data onto Landsat images, primarily in European Russia.


4. We acquired and mapped several MODIS data sets of Russia. We now have wall-to-wall MODIS reflectivity data for Russia.

5. We developed Landsat TM-biomass correlations for four regions in European Russia.

6. We developed a methodology for using data and coefficients from Alexeyev (Alexeyev and Birdsey, 1999) to convert Russian Forest growing stocks to forest biomass.

7. The approach to mapping carbon sources and sinks and initial results were presented at the IBFRA Conference "BOREAL FORESTS AND ENVIRONMENT: LOCAL, REGIONAL AND GLOBAL SCALES" (V. N. Sukachev Institute of Forest SB RAS, Krasnoyarsk, Russia, August 5-9, 2002).    

New findings

The relationship between Landsat data and forest biomass explained only 30-50% of the variation in forest biomass (Fig. 2).  There can be several reasons for this:

1: Accuracies within the Russian Forest Inventory database are uncertain. Most Russian forest ecologists apply their own (custom) correction factors to the data to create a more accurate database. There seems to be no agreement among Russians about which approach is the best, however.

2: There is often a significant time difference between the dates of the Russian Forest inventory data and the dates of the satellite imagery used for the analysis.

3. The link between forest spectral data and forest biomass data is not direct but is likely due to the indirect effects of increasing forest age and height, for example increased shadow content in older forests. If shadows account for some of the link between forest biomass and spectral qualities, the technique will be increasingly difficult to use in areas of relief where shadows caused by topography confound shadows due to forest  height and age.

New potential


Too early to identify new potential.

New products


No new products.

Conclusions

We have had limited success in explaining variations in forest biomass with Landsat data.  Regression coefficients account for only about 30% of the variation in the four locations that we have analyzed thus far.


There are several possible reasons for this limited success, including problems both with the inventory data and with the capacity of optical data to observe forest structure.
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Table 1.  Flowchart showing the eco-regions and administrative regions where we have acquired forest inventory and satellite data, and where we have investigated the relationship between the two datasets.
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Figure 1.  Distribution of sites of forest inventory data among 15 eco-regions, defined by the intersection of five vegetation zones with four regions within the Russian Federation.
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Figure 2.  Predicted and observed values of biomass for polygons of forest in eco-region 2 (Karelia, middle taiga).
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