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The SibFORD project aims at the development of methods and tools to estimate carbon emissions induced by forest disturbances using Earth observation (EO) techniques in combination with in-situ data 
and contemporary models, and to improve the understanding of human impacts on the carbon balance in boreal ecosystems through analysis of multi-annual integrated land surface-model / remote sensing 
datasets. The Project is being carried out within the Central Siberia region, which regularly experiences disturbances by fire and logging. A spatially explicit assessment of the carbon emissions caused by 
disturbances requires a number of studies and developments focusing on improving current methods of estimating relevant forest cover characteristics and disturbance parameters from remote sensing 
techniques, the adaptation of existing models for assimilation of EO data derived parameters, development of relevant databases and GIS tools. The project studies involve use of multi-resolution satellite 
data (e.g. SPOT-Vegetation, Terra-MODIS, Landsat-ETM), as well as available or new products (e.g. ESA Globcover and EC JRC GLC 2000 land cover maps, SIBERIA project forest biomass map) to 
characterise forest cover and disturbances and their impact on the carbon balance. 
The SibFORD project will result in (i) advanced numerical integration methods to use multi-sensor EO data describing forest characteristics and disturbances with land surface models, (ii) a harmonised and 
up-to-date forest database and a multi-annual disturbances database for Central Siberia, and (iii) new automated GIS tools for estimating disturbance-induced carbon emissions and the analysis of human 
impacts that can be used by regional foresters and scientists. The developed tools and data will be made available to public organisations, NGO’s and the international scientific community. The satellite 
data analysis methods and GIS tools are being generated with the perspective utilisation in the years to  follow, especially for Kyoto protocol implementation phases and the post-Kyoto process. 
Close links to EC’s and ESA’s GMES initiative and to international programmes such as GOFC-GOLD, NEESPI and IGBP have been established through the project team members.
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Burnt Area and Fire  Sever ity Assessment

Forest Fuel Loads

Carbon Emissions

A fire carbon emission model requires 
input parameters describing f ire type and 
intensity, based on spatial structure of 
burnt severity and pre-f ire forest fuel 
loads. Fire type (crow n and ground) and 
its intensity (high, medium, low ) is 
estimated through combined analysis of 
data on burn severity and forest type 
maps. Spatial structure of forest fuel and 
dominated forest species map is used to 
attribute burnt area in terms of the f ire 
type. The data on burnt area affected by 
crow n and ground f ire is combined w ith 
burnt severity map to estimate f ire 
intensity. 
The development of forest fuel loads 
combustion methodology is based on the 
pre-f ire fuel loads and burn sever ity 
maps der ived from satellite data of 
course and medium resolution (Spot-
Vegetation, Modis-Terra).

GIS 
modeling

Pre-fire F uel  load 
database and map Burn severity 

map 

Forest cover 
map 

Fire types and 
intensity map

GIS 
anal ysis

Fire CO2 map
Carbon Emission 

database
Updating of 

Fuel l oad database

Main f ire conductors are tree parts burned during f ire 
propagation. It  consists of leaf or needle, small stem and 
branch of tree and undergrow th, lit ter and ground 
vegetation. There are conversional coeff icients defining 
quantity relationships betw een tree stock volume and 
upper described tree parts for each species and age 
group. The methodology of canopy biomass assessment 
has been developed based on the complex analysis of 
Russian forest account database and forests derived 
from Northern Eurasia map (GLC2000).

Example of Ca nopy (Dark Needle Leaf species ) Biomas s (t/ ha) Assess ment

FOREST FUEL  STRUCTURE AND  BURN CONDUCTORS

Biomass of decomposed foliages,
branches, grasses etc. as first stage 

of humus forming

CROWN FIRE

SURFACE FIRE

CROWN FIRECANOPY

UNDERGROWTH
UNDERBRUSH

GROUND 
VEGETAT ION COVER

GROUND LAYER 
(litter)

SOIL HUMUS / PEAT

• Biomass of needles, foliage 
and stems (Æ< 1 cm) of the 
forest top layer

• Biomass of dead branches in 
crones of alive trees

FOREST LA YERS PARAMETERS FIRE T YPE

Biomass of stems, branches, 
foliage, needles

• Biomass of moss and lichens
• Biomass of dead grass and part 

of bushes SURFACE FIRE

SURFACE FIRE 

UNDERGROUND  FIRE

UNDERGROUND FIREBiomass of organic humus 

CANOPY B IOM ASS ASSESSM ENT METH ODOLOGY

Biomass of 
needles/leaves and 

branches for each specie 
and age class

Canopy Biomass maps

Relative Canopy Biomass  
for each dominated specie 
at pixel level of GLC2000 

Forest account data base

Forest Enterpr ise Unit:
• Stock volume;

• Age-specie structure;
• Specie areas

Conversion Coefficients of  Stock 
Volume to Canopy Biomass

(A. Utkin, D. Zamolodchikov , etc.)

Biomass fraction:
total; stem; root; 
branch; leaf / needle

k=Ph/M
TEST PLOTS

Biomass an d pro du cti vity  da ta bas e
(A. Utkin, D. Za molodc hikov ,  etc. )

Conversion 
coefficients of total 
branch biomass of 
crown to thin one

Conversion 
coefficients of total  
branch biomass of 
crown to dead one

Relative Canopy Biomass 
for each Dominated 
Specie at the Forest 
Enterprise Unit Level

Leaf/needle 
biomass

Thin b ran ch 
biomass

(D < 1 0 �� ) 

Dead branches 
biomass in tree

crown

Digital raster and vector maps:
• Northern Eurasia map 
(GLC2000)
• Forest Enterprise
• Forest Growing condition zones

Spatial analysis of 
database and Nor thern 

Eurasia map

Calculation of Canopy 
Biomass at the Forest 

Enterpr ise Level

Forest Enterprise Units Fragment of GLC2000 map

Canopy Biomass of Dark 
Needle Leaf Species

Forest Cover  Characteristics

• Forest age classes map and f ire disturbance database 
derived from aerial photo analysis

• Forest age classes raster map w ere produced on the base 
of combined analysis of the forest inventory species age 
data and GLC2000 forest classes and SIBERIA- II (CEH) 
Disturbance map. Three layers of forest age classes w ere 
created for the evergreen needle- leaf, deciduous broadleaf 
and deciduous needle-leaf forests.

• Forest biomass assessment per fractions is based on 
State Forest Account Database (per Forestry), GLC2000 
Forest Classes (6 classes) and Forest Age Classes (4 
classes)

SibFORD Test AreaSibFORD Test Area

Human Impact

Estimation of the human impact to the forest 
disturbances degree and amount of carbon 
emission requires in the f irst place attributing 
the f ire events according to the ignition source, 
i.e. f ires induced by humans or natural f ires by 
lightning. Such attributing w ill be performed 
through GIS analysis of the burnt area mapping 
results combined w ith additional data, such as 
available for the project partners databases on 
lightning detection and large f ire records from 
Forest Fire Service of Russian Forest Agency, 
as w ell as some other available GIS layers on 
roads netw ork, settlements, population density 
and some other spatially explicit information 
indicating possible human influence on f ire 
origin. As a result of the analysis the carbon 
emission database on the cell level w ill be 
attributed by rate indicating how  the total 
amount emitted carbon shares betw een human 
and natural factors of forest disturbances.

Analysis of time dispersion of 
lightning/forest fire dependence allow 
by temporal buffer period 1-10 da ys

y = 35,5e-0,3x

R2  = 0,9
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Statistic of wildfire detecting time 
after lightning. The period of “hide”

burning is equal to 5 days
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R~1-20 km

Spatial (distance from lightning 
points) criteria is equal 1-20 km

- placement of detected forest fire
*   - placement of lightning for the 
same data

Criteria of human belonging to ignition of 
forest fire should be constructed according to:

� road and rive rs network density
� closeness of settlement 
� value of density of population in region
� something else?

R~7 km

Fires in 2004

Detection of clear-cuts using MODIS

Ch1(2005)
Ch2(2002)
Ch6(2002)

July 2005

Ch1-Ch2-Ch6

July 2002,

Ch1-Ch2-Ch6

Logging   area

June 2002 – June 2003
June 2003 – June 2004

June 2004 – June 2005

Mul ti-te mporal MODIS composi te

RGB: 2004, 2002, 2002

Loggi ng area deriv ed from E TM+ (2002) 

and MSU-E (2004 ) images

Comparison with logging area derived from high-resol ution satellite data

forest cover          2003                  2004               2005               2006                  2007

A burnt area mapping method involved Terra-
MODIS daily time-series data analysis to detect 
inter-annual vegetation changes combined w ith 
MODIS hot-spot data to distinguish f ire related 
changes from other types of disturbances has 
been developed and applied to generate a burnt 
area database for the per iod 2003-2007. 

0 – 20%                                 20-50%                       50-75%                     75-100%

Fire severity assessment method is based on 
spectral mixture analysis of MODIS w eekly time-
series data in order to estimate f ire induced 
trees mortality and is applied to generate an 
appropr iate database for the period 2003-2007.

One of the main objectiv es of the SibFORD project 
is to examine the f easibility of MODIS 250-m 
resolution data to detect human induced changes in 
f orest ecosystems with f ocus at logging activity and 
to dev elop the prototy pe of an automatic method 
and satellite data processing chain to ensure the 
possibility  to perf orm clear-cuts detection on regular 
basis at large geographical scale. The clear-cuts 
mapping is perf ormed using time-series of  cloud-
f ree monthly mosaics f or the consecutiv e y ears of  
the period 2002 – 2005.

GIS-based forest database including information on the 
major environment components w as developed for solving 
SibFORD Project tasks involved in obtaining an integrated 
estimate of the current and init ial forest parameters in the 
Central Siber ia test s ite (88°- 112° E, 50°- 62°N). 

Besides general topographic base information the forest 
database of the SibFORD project includes the follow ing new  
data products:


