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Earth Observation Instruments for Terrestrial 
Ecosystems Monitoring

Satellite instruments of different spatial resoluti on 
Earth Observation tasks 

Low (~1000 m) Medium (250-500 m) High (20-50 m) Detaile d (1-5 m) 

Land cover mapping 

IKONOS 
Quick-Bird 

SPOT-HRG 
IRS-PAN 

Biophysical and biochemical 
properties assessment 
Green b iomass, LAI , NPP , fPAR 

NOAA-AVHRR 
SPOT-Vegetatio n 

Terra/Aqua-M ODIS 

Terra/Aqu a-M ODIS 
En visat-MERIS 

Lan dsat-ETM+ 
Terra-ASTER 
SPOT- HRVIR 
Метеор/МСУ-Э 

IRS-L ISS  

Chloro ph yll content   En visat-MERIS 

3D vegetat ion structure SPOT-Vegetatio n 
Terra-M ISR 

Terra/Aqu a-M ODIS 

 

 

Disturbances assessme nt     

Active f ires 
NOAA-AVHRR 

Terra/Aqua-M ODIS 
Lan dsat-ETM+ 
Terra-ASTER 

 

Burnt area 

B iotic  disturbance factors 

Industrial pollutions 

NOAA-AVHRR 
SPOT-Vegetatio n 

Terra/Aqua-M ODIS 

Forest log ging  

Land-Use assessment 

Lan dsat-ETM+ 
Terra-ASTER 
SPOT-HRVIR 
Метеор/МСУ-Э 

IRS-L ISS  

IKONOS 
Quick-Bird 

SPOT-HRG 
IRS-PAN 

Phenological rhythms 
assessment 

 

Long-term trends assessments 

NOAA-AVHRR 
SPOT-Vegetatio n 

Terra/Aqua-M ODIS Lan dsat-ETM+ 
SPOT-HRVIR 

Physical propertie s asse ssment  
NOAA-AVHRR 

Terra/Aqua-M ODIS 
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SPOT-VEGETATION and MODIS 
data preprocessing



VEGETATION and MODIS data 
archive for N. Eurasia

Terra-MODIS :
Surface Reflectance Product

(MOD09GHK, MOD09GQK, MODMGGAD, MOD09GST)

Geographical coverage: entire N.Eurasia 
(in process, ~70% completeness)
Time frame : 2002 – ongoing

Temporal resolution : daily
Main spectral bands used : 

i.440 – 480 nm
ii.620 – 670 nm

iii.841 – 976 nm

iv.1630 – 1650 nm
Spatial resolution: 250&500m (nadir view)

Data delivery : Internet access with 2-7 

days delay (http://modis.gsfc.nasa.gov)

SPOT-VEGETATION :
Maximum NDVI ten-day composites

(S10 product)

Geographical coverage: 42º-75ºN 

5º-180ºE
Time frame : 1998 – ongoing

Temporal resolution : 10 days

Spectral bands : 

i.430 – 470 nm

ii.610 – 680 nm

iii.780 – 890 nm
iv.1580 – 1750 nm

Spatial resolution: 1.15km (nadir view)

Data delivery : Internet access with 3 
months delay (http://free.vgt.vito.be)



VEGETATION and MODIS data 
pre-processing steps

Satellite  
Instrument Data pre-

processing steps Method 

VGT MODIS 

Cloud / snow 
screening 

− Fixed thresholding using spectral 
channels and indexes + + 

Shadow detection 
− Geometrical modelling 

− Spatial-temporal analysis 
- + 

Spatial resolution 
selection 

− Fixed thresholding using the pixel size 
data - + 

Random noise 
filtering 

− Statistically adjusted thresholding 
using spectral reflectance temporal 
profiles for “snow/cloud free” pixels 

+ + 

Permanent snow 
mapping 

− Statistically adjusted thresholding 
using spectral reflectance temporal 
profiles for “snow covered” pixels 

+ + 

Temporal 
compositing 

− Minimum distance from temporal 
average of uncontaminated pixels + + 

 



Snow and Cloud Discrimination
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B – shadow pixel
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Step 1. Geometrical modelling of the cloud-shadow l ine

Step 2. Shadow detection along cloud-shadow line
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Step 3. Shadow detection along temporal profile

Histogram Analysis

Residual 
clouds

Uncontaminated 
pixels

Shadow



MODIS data pre-processing steps
MODIS daily products

Snow/cloud detection

Cloud shadow detection

Temporal composing



The seasonal mosaics for N.Eurasia 
from S10 SPOT-VGT data

SWIR-NIR-R

spring

summer

autumn



MODIS Mosaics Examples 
May

June

July

August

Winter



Land Cover Mapping





Image pre-processing and generation of advanced 
data products

Image classi fication

Land Cover Mapping Method

SPOT4-
VGT S10 

data

Contaminated 
pixels and 
snow cover 
detection

Generated 
masks

Generation of 
the advanced 
data products

Seasonal 
mosaics

Wetness 
Index

Anisotropy 
Index

Wave-
Likeness 

Index

Snow 
Cover

ISODATA 
clustering of 

seasonal 
mosaics

Initial 
labelling of 

clusters

Spectral-
temporal 
clusters 

map

Semantic 
clusters 

map

Decomposing 
of ambiguous 

semantic 
clusters

Mono-
semantic 
clusters 

map

Land 
Cover 
Map 

Merging 
of semantic 
clusters into 

thematic 
classes

GIS Database

(topographic and thematic maps, DEM, 
forest inventory statistics and etc)

Derived 
Auxiliary 
Products



VEGETATION (GLC 2000) and MODIS land 
cover maps for Lake Baikal region



Fire Impact Assessment



Data pre-processing and generation
of advanced products

Products generation

SWVI  time series Reconstruction  of 

the missing data 

in SWVI  time-series

MODIS thermal 
anomaly daily data

MODIS thermal 
anomalies decade 

products Derived thematic 
products

Spatially-adaptive 
filtering

Two years SWVI time-
series comparison

Detection of 
anomaly  strong 
negative SWVI 

differences

Masks of possible 
vegetation status changes

Inter-annual SWVI 

differences

SWVI smoothed  time 

series

Improved vegetation
temporal changes masks

Short Wave Vegetation 
Index computation

Generated  masks

MODIS thermal 
anomalies  referencing

Burnt area map

SPOT-VGT S10 
products Contaminated  pixels 

and snow cover 
detection

Thematic processing

Burnt area mapping method using 
VEGETATION time-series data
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Burn severity assessment using VEGETATION 
and high-resolution sampling data 
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Comparison of forest burn severity 
assessment from VEGETATION 

using two different methods

Spectral Mixture Analysis result NDVI deference meth od result



Comparison of forest burn severity 
assessment from VEGETATION using 

two different methods
Evergreen Needle-leaf Forest
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Burnt severity assessment for 2003 
using SPOT-Vegetation data 

(preliminary result)
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Comparison of burnt area maps using 
SPOT-Vegetation и Terra-MODIS data 

(MODIS granule H23V03)

Красноярск

Иркутск

Бодайбо

Чита
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Бодайбо
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Terra – MODIS

SPOT – Vegetation
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Forest Logging Assessment



Detection of logging in North European 
regions of Russia using MODIS

July 2005, RGB : Ch1-Ch2-Ch6July 2002, RGB : Ch1-Ch2-Ch6

Detection of new 
road and clear-cuts 
in broadleaf forest

RGB :
Ch1(2005)-
Ch2(2002)-
Ch1(2002)

Detection of new 
clear-cuts in dark 
coniferous forest

RGB : 
Ch1(2005)-
Ch2(2002)-
Ch6(2002)



Detection of logging in North European 
regions of Russia using MODIS

Forest

Non-Forest

Logging 2002-2003

Logging 2003-2004

Logging 2004-2005

R – Red channel 2005; G,B - Red channel 2002



Comparison of clear-cuts detectability using 
MODIS and high-resolution data

 
Clear-cur area (ha) <= 5 5 - 10 10-15 15-20 20-25 = > 25 Total 

Detected clear-cuts 92  104 108 108 54 140 606 

% of detected clear-cuts 9.2  35.0 64.3 83.7 81.8 95.2 33.6 

Missing clear-cuts 904  193 60 21 12 7 1197 

% of missing clear-cuts 90.8  65.0 35.7 16.3 18.2 4.8 66.4 

 

Clear-cuts detected using Landsat-ETM+ (2002) 
and Meteor-3M/MSU (2004) data

RGB synthesis of multi-temporal MODIS data 
(July 2002 and July 2005)



Forest Disturbances by Insects

N. Lyamtsev, CFEP RAS 2004



Dynamic of forest disturbances by 
insects’ out-brakes from MODIS

16.07.2002

24.09.2003

02.09.2002

07.09.2004



Mapping of insects induced forest 
disturbances using MODIS
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Monitoring of Agricultural Lands 



PVI time-series analysis

� Inter-annual PVI dynamic similarity assessment
� Phenological features retrieval: start, max, half s enescence, length of 

season 
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MODIS derived arable lands map 
of Russia : Altaisky kray



An arable lands map for Russia 
generated from MODIS data

Draft product, status on July 2006. Mapping for some regions is in progress.



TerraNorte: Data Products on-line  

http://terranorte.iki.rssi.ru/



TerraNorte on -line GIS

http://terranorte.iki.rssi.ru/


