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Institute of Landscape Ecology 

Slovak Academy of Sciences 

• Interdisciplinary scientific institution for 

basic and applied research in landscape 

ecology (established in 1965) 

• Total staff: 59 (scientific staff: 39; PhD students: 7) 

• ILE SAS covers fields of abiotic, biotic and 

socio-economic sciences 



Research related to Remote Sensing 



Land cover transitions during  

            1949-1987–2003 

Study area boundary 

Not changed 

Change 1987-2003 

Change 1949-1987 

Changes in both periods 

from extensive grassland to forest 

from mosaics to intensive grassland 

from mosaics to extensive grassland 

from mosaics to forest 

from shrub to forest 

Main changes 1949-1987 

from ext. grassland to grassland with trees 

from extensive grassland to forest 

from grassland with trees to forest 

from shrub to forest 

Main changes 1987-2003 

DPSIR concept 





Predictive land cover change modelling 

BAU 2030 

2003 

Liberalization 

2030 

Biodiversity 

2030 



Grassland focus 

 

• Grasslands – important 
component of landscape and 
its functioning (production, 
biodiversity, water retention) 

 

• Lack of consistent spatial data, 
difficult detection by RS 

 

• Detection of management 
practice in grasslands 
(cutting, grazing, 
overgrowing, drying, 
flooding, burning) 



MODIS based analysis of NDVI time 

series  
1. Grassland mapping 2. Grassland habitat classification 

4. Grassland LSP 
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3. Detection of management practices 



1. Grassland mapping 

Suppervised approach 

 
Landsat: 

• Classification using multi-date multispectral signatures 
– Reflects different color and leaf biochemical composition in specific dates 

• Final generalization using image segmentation process 

 

MODIS: 

• Multi-temporal classification using NDVI temporal profile 
– Reflects seasonality and management practices 

• Pixel based 

 

 

Both approaches need training sites for signature development, exploring of temporal 
profiles of crops and validation sites for accuracy and reliability assessment 

 

Unsuppervised approach 
. Broader scale 



 Landsat TM5: 

– 2011/06/15, 2011/07/17, 2011/08/02, 

2011/09/03 

 

Landsat ETM+: 

- 2011/04/20, 2011/05/06; 2011/05/22; 

2011/07/09; 2011/08/26; 2011/09/11; 

2011/09/27  

 

2011/07/17 (LTM5 RGB 30m)) 

Available satellite images 





Training sites 

• Radiometric correction and calibration of input Landsat 
data 

• Identification of main crop types 

• Spectral libraries of main crops using  

• Multitemporal signatures 

• Visual interpretation of HR satellite images 

 

• Field research 

 

• Desktop analyses 



Totally: 720 sites 



Landsat based classification 
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MODIS based classification 



Accuracy decreased to 85% and 78% when using 

only 2 resp. 1 time period for the analysis 

Errors decreased dramatically after the 

crop harvesting in late June 

Grasslands: 92 % accuracy 

Grasslands: 94 % accuracy 



Grassland mapping in Slovakia 

Valid. set CLC 8d NDVI 16d NDVI 

Heterogenous Prod. acur. 38% 30% 30% 

Users acur. 58% 58% 51% 

Homogenous Prod. acur. 39% 68% 53% 

Users acur. 77,5% 61% 60% 



2. Classification of grasslands based on 

annual profile of NDVI 

1. Slovak grassland sites (pure 3758 pixels) – based on GE inspection and 

LPIS 

2. Hungarian lowlands (N2000 grasslands - approx. 32000 pure pixels – 

GE inspection) 

3. Slovak grasslands – approx. 90 000 heterog. pixels whithout no check 



2. Classification of grassland habitat 

types 

Grassland NATURA2000 biotopes (approx. 12000 patches) – field based mapping 

Finally 1185 sites were selected 

6150 Siliceous alpine and boreal grasslands 698.23 

6170 Alpine and subalpine calcareous grasslands 986.05 

6230 * Species-rich Nardus grasslands, on silicious 

substrates in mountain areas (and submountain areas in 

Continental Europe) 794.17 

6410 Molinia meadows on calcareous, peaty or clayey-silt-

laden soils (Molinion caeruleae) 15.99 

6430 Hydrophilous tall herb fringe communities of plains 

and of the montane to alpine levels 703.56 

6440 Alluvial meadows of river valleys of the Cnidion dubi 154.57 

6510 Lowland hay meadows (Alopecurus pratensis, 

Sanguisorba officinalis) 2291.9 

6520 Mountain hay meadows 69.29 



3758 pure pixels were selected 



Total N2000 sites             193 

Total 250*250m pixels     32200 

• More than 80% of grassland 
habitats in N2000 site 

 

• Random sampling 

 

• 2830 selected for the study 

 

• Wetlands and grasslands  

EEA data set  
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Component

Extraction Method:  Principal Component Analys is . 

Rotation Method:  Varimax with Kaiser Normalization.

Rotation converged in 9 iterations.a.  

-searching for the most 

informative periods in time series 

-selection of the components of 

particular interest (mapping 

approaches) 

PCA Harmonic analysis 

-decomposes a time dependent periodic 

phenomenon into a series of sinusoidal 

functions,  

defined by unique amplitude and phase 

values 

-Permits a complex curve to be expressed 

as the sum of a series of cosine waves 

(terms)  

and additive terms 

-Amplitude – half the height of the wave 

-Phase – offset between the origin and the 

peak 

-Per pixel basis 

Jakubauskas et al., 2001 



Classification of BHC grasslands 

- Based on within season variability and course of NDVI profile 

Extensive mown grasslands 

 

Unmanaged grasslands 

 

Pastures 

 

Flooded meadows 

 

Intensive grasslands 

Intensive grasslands 

unmanaged - abandoned 

flooded grasslands 



Classification of Pannonian Lowlands 



Extensive grasslands-cut meadows 

Intensive grasslands-pastures 

Alluvial flooded 

meadows 

3. Detection of grassland 

management 



Unmanaged grasslands 



Morava river – flood meadows 
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Latorica river – cut vs. uncut meadows 
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Intensive meadows 
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Telgárt – managed vs. abandoned 



Cutting of hay meadows 









Marsh 

Intensive grasslands 

Extensive grasslands 

Alluvial flooded meadow 
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Cutting of hay meadows 

Number of years managed from 2001 - 2010 

- Mainly remote and mountainious areas 

- Further analysis needed including socioeonomic data 

- Possible consequences – predictive modelling 



Number of years unmanaged from 2001 - 2010 

- Mainly remote and mountainious areas 

- Further analysis including socioeonomic data is needed 

- Possible consequences – predictive modelling 

Cutting of hay meadows 



2003 Median 

Interaction with climate variabilty 
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Further analysis including socioeconomic data is needed 



Current and future research focus 

• Optimal filtering of MODIS series for 

grassland studies 

• How to gather the samples for training and 

validation (Landsat,…) 

• Set up of broad habitat grassland 

categories 

• Regional dependent signatures of 

grasslands 

 



Current and future research focus 

• Classification in different landscapes with 
different agricultural practices (Austria, Hungary, 
Czech rep.) 

• Early season estimates  

• Testing of consistent classification methods 
allowing quarterly crop monitoring  

• Optimalization and minimalization of field 
training 

• Optimal dates for classification (Landsat) 

• Data fusion (prediction of Landsat NDVI series) 



4. Analysis of changes 

-Change detection 

-Assessments of trends 

-Within season and interseason variability 

-LSP 



Limitations for mountains  

-sharp relief (missing data for sun-target geometry) 

-heterogeneity (pixel purity)  

-clouds, and shadows (missing data) 

-local microclimate vs. regional data available 



Selection of mountain grasslands 

7790 5900 

1000 534 

CLC Elevation  

NDVI usfullness  Pixel purity  





Annual mean of MAX NDVI from 2001-2010 

Inter-seasonal variability (CV of annual MAX NDVI from 2001-2010) Mean seasonality – within season SD of MAX NDVI 

Future development: From land cover 

change to land cover dynamics 

• Response to increasing availability of 

SI 

• Increasing temporal resolution 

(LDCM, Sentinel2,...) 

Result:  

• multitemporal and time series based 

land cover classification and land 

cover dynamics analysis 

• time series analysis of vegetation 

greenness (NDVI) 

Land cover dynamics 
•characterized by seasonal and inter-seasonal 

variability of vegetation greeness  

•reflected in dynamic change of SI signal   


