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Context




Context

1. What is the C balance of the northern
mid-latitudes?

2. What are the mechanisms responsible for
the current (and future) C balance?
a. Are forests growing faster? (physiology)
b. Are more forests in a regrowth phase?
(age structure — past disturbances - LCLUC)



Questions:

How much carbon is in the biomass of Russian forests?

How has that amount changed in the last decade(s)?
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1990 Forest Cover Map of USSR

What gguld the map look like in 2000
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Approach




Approach

¥ Russlian forest inventory data for
training Landsat ETM*

(growing stock -> C/ha)
% Landsat ETM* for training MODIS
% MODIS for scaling to all Russia
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Stratify Russian forests into ~15
ecoregions by...

Geo-regions (4):

European Russia, Western Siberia,
Eastern Siberia, Far East

Vegetation zones (5):

Northern, central, southern taiga,
temperate forest, forest steppe
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Forest Inventory Data
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Comparison of Growstock to Biomass Coefficients for Pine/Conifer Forests in Karelia (Middle Taiga)
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Biomas=s TonsfHa

Biomazss Tons/HA

Biomass Ton=s/HA

Biomasz= and Growstock for Middle Taiga Spruce Forests Separated by Age Classes, Aexeyew 1999
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Videl (inventory polygon) data
overlaid with Landsat ETM+ data



In theory...




Karelia (Middle Taiga-European Russia) Predicted vs. Observed Biomass from CCA/
RMA using LOG Transform
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Kursk (Forest Steppe-European Russia) Predicted vs. Observed Biomass from CCA/
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Inventories acquired, processed, ...

Data Acquisition and Processing Schematic 11972004
NASA Grant Number NAGS-11286

Changes in Terrestrial Carbon Storage in Bussia as a Result of Recent Disturbances and Land-Use Change

Data Location and Information

Processing Stream

Forest Biomass Biomas= Map
Known Olga Satellite Epatial Inventory RIICCAL Estimates of Single Scaled
Ecoregion Kersaer Yegetation Adm Tear of made Swmmary Data Imagery Imagery Data Data RMA From LamdEat UpTo
] Zone Rtﬂﬂl I.tsioz Diata Contact Proce_sstd Identified Acguired Ac red .M:qll_irtd .ﬁ.lal:sis Rtgrtssi T3 Sct_lt MODIS
European Ruszia 1 M. Taiga Murmanzk Kal'd=kij [25]
Eurapean Ruszia 1 M. Taiga Murmanzk Murmanzkij 2000
European Russia 2 M. Taiga Karelia Pudozhskij 1335
Eurapean Ruszia 2 M. Taiga Karelia Pyaaoerskij 1333
European Russia 3 £.Taiga it Petersburg  Kingizzeppskii 1332
European Russia 3 2. Taiga . Petersburg  Lisinshii 1332
European Russia 3 £.Taiga &t Petersburg  Luzhskii 1332
European Russia 3 £.Taiga Et Petersburg  Podborovskii 1332
Eurapean Ruszia 3 M. Taiga &t Petersburg Padpaoroshskii 1332
European Russia 3 £.Taiga Et Petersburg  Roschinskii 1332
Eurapean Ruszia 3 . Taiga k. Petersburg Molkhovskii 1332
European Russia 4 Temperate Forest Udmurtia wotkinsk 1337
European Ruszia 4 Temperate Forest Udmurtia Eialezinskij 13ar
European Russia 5 Forest-steppe and Steppe Kursk Ryl'ski 2000
European Russia 5 Forest-steppe and Steppe Kursk L'govskij 2000
West Ziberia -] M. Taiga Ehanty-fanzi Krasnoleninzkij 1337
West Ziberia T M. Taiga Khanty-Flansi
“west Siberia & 2. Taiga Tjumenskaja obl. Tjumenskij 1333
West Ziberia 3 Forest-steppe and Steppe Movasibirsk Ordynskiy
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Easzt Zib. 1 M. Taiga Irkutzk obl. Ehestakovski
East Zib. 1 M. Taiga Irkutzk okl llim=kij
East Sib. 12 . Taiga Irkutsk obl. Angarzkii Spatisl and Summary Lavel Data: [
East Zib. 1z . Taiga Irkutzk obl. Goloustovskij
East Sib. 12 . Taiga Irkutsk obl. Ehudyanskij Summary Lavel Only: |
Easzt Zib. 12 £.Taiga Irkutzk obl. Uzt'-ardynskij
Far East 13 M. Taiga Magadan Magadanzkij 1336
Far East 13 M. Taiga fagadan Palatzkij 1356
Far East 13 M. Taiga Magadan
o T | S —
Far East 14 M. Taiga Khabarowsk [M] Lazarevskij
Far East 14 M. Taiga Khabarawsk [N]  Bustrinzkij
Far East 14 M. Taiga Khabarovsk [M]  De-KEastrinskij
Far East 4 M. Taiga Khabarousk [N]  Kisinzkij
Far East 14 M. Taiga Khabarowsk [M] Tahtinzkij
Far East 15 Temperate Khabarovsk (] Litovskij
Far East 15 Temperate Ehabarowsk [3] Eolanski | 1




Another test (coarser resolution)....

% Compare larger forest inventory unit
(lesnichestvo) with Landsat-derived
estimates of ...

= Forest area
= Average C/ha



Scaling up with MODIS
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Approach
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% Landsat ETM* for training MODIS
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But wait...



http://www.nytimes.com/packages/html/photo/20030127_POT/index_07.html�

An Alternative Approach

¥ At a more aggregated (coarser) scale
(leskhoz), MODIS may be a reasonable
predictor of biomass C (??)



| eskhoz boundaries

Growstock (m3)
High

~1880 Leskhozes in the Russian Federation



MODIS surface reflectance
(MOD43B4) (BRDF product)



| eskhoz boundaries

Growstock (m3)
High

~1880 Leskhozes in the Russian Federation
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Thank you
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1990 Forest Cover Map of USSR
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Geo-Ecoregion stratification for sampling



- Bums of wear 2000

- Cropland - Grazssland complases |:| Humid grazslands

GLC 2000 Class Names

|:| Bare =oil and rock |:| Cropland s

|:| Barren tundra - Deciduous Broadleat Forest
- Bog= and marshes - Leciduous Meedle-leaf Forest
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GLC 2000 Forest Cover for
Russia (8.3 million Km?)

MODIS IGBP Forest Cover for
Russia (6.5 million Km?)




Iterative Iso-clustering of Digital Data:

ERDAS: Unsupervised Classification of

Atmospherically corrected DN’s into forest and non-forest
land cover classes Non-forest includes all agriculture,

urban etc. I

Recoding the raw DN’s into a forest sub-type
classification:
-Pine
-Spruce
-Mixed Conifer
-Deciduous
-Mixed Forest

Training plot derived from this classified data coded
1-5 for each forest type

Supervised Classification: ( Maximum likelihood
Classification)

Derive classified images that are specific to the forest
types:

Pine

Spruce

Mixed Conifer

Deciduous

Mixed Forest I

Have in hand separate spatial datasets. These datasets are
used to separate the image into batches of data that reflect
each forest type.




Split Forest Inventory Data set into a
Testing and a Training Dataset:
Model 1

Model 2 I

Analysis of Raw DN’s

Perform Transformation on all bands

Square Root

Square

Log

Inverse Log
To determine if non-linear relationships exist and
can be corrected for using various techniques.

—

Rule: (Due to Co-linearity between Bands)

Use two bands from the visible spectrum
Bands 1 or 2, and 3

Use two bands from the infrared spectrum
Bands 4, and 5 or 7

Canonical Correlation Analysis:
Evaluate the four bands and the
inventory biomass values using a CCA

technique. I

Derive Canonical Index .
of landsat values:

Reduce Major Axis Regression: (RMA)
Used to perform a regression between the inventory

biomass values and the summed Canonical index values I

From the RMA we obtain an equation that is then
multiplied against the original CCA Biomass Indices to
create a biomass layer that is species specific.
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