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Study Area / Motivation 

Centered at the upcoming Kavango-Zambezi 
Transfrontier Conservation Area (KAZA TFCA) 
 
 
 
 
 
 

 wall-to-wall applications 
• e.g. forest cover + change/trend: 

deforestation/degradation 
• Biophysical parameters: stand structure, 

tree height, biomass, … 
 

 pixel-based composites 
      state-of-the art: static target DOY 

• ~ 3.7 Mio. km² 
• 194 footprints 

• 57,371 L1T images 
• ~ 15 TB 
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LANDSAT PRE-PROCESSING 
• cloud masking 
• radiometric correction 
• gridded data structure 

 
LAND SURFACE PHENOLOGY 

• MODIS phenology 
• Data fusion by spatial unmixing  

medium resolution phenology 
 

 
PIXEL-BASED COMPOSITES 

• Generation of seamless large area 
baseline reflectance data 

• Compositing guided by phenology 
 

Structure 
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LANDSAT PRE-PROCESSING 
• cloud masking 
• radiometric correction 
• gridded data structure 

Structure 
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Frantz, D., A. Röder, M. Stellmes, and J. Hill. “An Operational Radiometric Landsat Pre-Processing 
Framework for Large Area Time Series Applications.” In Revision. 

Landsat pre-processing framework 
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Frantz, D., A. Röder, M. Stellmes, and J. Hill. “An Operational Radiometric Landsat Pre-Processing 
Framework for Large Area Time Series Applications.” In Revision. 

Landsat pre-processing framework 

Fmask algorithm 
(Zhu & Woodcock, 2012) 

 

+ updates (Zhu et al., 2015) 

+ modifications (Frantz et al., 
2015a, Griffiths et al., 2013) 
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Frantz, D., A. Röder, M. Stellmes, and J. Hill. “An Operational Radiometric Landsat Pre-Processing 
Framework for Large Area Time Series Applications.” In Revision. 

Landsat pre-processing framework 

530m -
1530m 
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Frantz, D., A. Röder, M. Stellmes, and J. Hill. “An Operational Radiometric Landsat Pre-Processing 
Framework for Large Area Time Series Applications.” In Revision. 

Landsat pre-processing framework 
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Pre-processed dataset 

• 29% images not fully processed  cloud 
coverage exceeded threshold 
 

• 4,524 tiles 
• 1,864,061 chips (i.e. tiled datasets) 
• 27.18 TB processed data 
• Processing time ~ 4days using 108 CPUs 
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Structure 

 
LAND SURFACE PHENOLOGY 

• MODIS phenology 
• Data fusion by spatial unmixing  

medium resolution phenology 
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Jönsson & Eklundh 2002 

MODIS (Terra/Aqua) EVI time series (2000-2013) + day of composite 
 PHENOLOGICAL DESCRIPTORS 

Land Surface Phenology LSP 

 
 
 

• Start of season (a) 
• End of season (b) 
• Length of season (g) 
• Base value (b) 
• Middle of season (e) 
• Maximum of fitted data (e) 

 
 
 

• Amplitude (f) 
• Left derivative (a-c) 
• Right derivative (d-b) 
• Large/Total integral (i) 
• Small/Green integral (h) 
• Latent integral (i-h) 

Phenological descriptors are derived from high temporal 
resolution time series, e.g. MODIS 

Mader, 2012 

SpliTS (Spline Analysis of 

Time Series; Mader, 2012) 
 

• framework for the 
analysis of remotely 
sensed time-series 
based on polynomial 
spline models 

• data-driven, locally 
controlled fit without 
anticipation of a 
certain phenological 
shape 

• Non-equidistant data 



generation of wall-to-wall Landsat products 

Land Surface Phenology LSP 
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Land Surface Phenology LSP 
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Land Surface Phenology LSP 
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Structure 

 
PIXEL-BASED COMPOSITES 

• Generation of seamless large area 
baseline reflectance data 

• Compositing guided by phenology 
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Selection of “best” observation 
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Intra-annual contribution: acquisition day 
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Intra-annual contribution: acquisition day 
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• Compositing should be mainly DOY-driven but data from the target Year should be preferred 
 (minimize phenological differences and reduce the risk of land cover change and inter-annual variability)  

 

• Relative inter- to intra-annual contribution is controlled with a dependency on the pixel‘s LSP 
• Strength can be defined with one parameter: Y-factor Yf 

Inter-annual contribution: acquisition year 
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Dry Minimum 
2008 ± 2 years 

End of Green 
2008 ± 2 years 

Green Peak 
2008 ± 2 years 

Green 
Peak 

Dry 
Mini-
mum 

End  
of 

Green 

Multi-Seasonal Composites 



generation of wall-to-wall Landsat products 

Wall-to-Wall Composites 

250 km 

25 km 

2.5 km 

End of Green 
2008 ± 2 years 

 selected DOY 
    

80                            240 

Δyeart 
 

-2                             +2 

ΔDOYt 
 

-90                           +90 

spectral variability 
mean, std. dev., … 

 # of candidates 
 

0                             508 

• Composite size: 91000 x 82000 px  
 2730 x 2460 km  

• Spatial resolution: 30 m 
• ~ 208 bn. observations were 

considered, i.e. 46 obs. / px on average 
• ~ 14h processing time 
• Data volume: 

• composite (6-bands): 83GB 
• composite criteria (9 bands): 125GB 
• standard deviation (6 bands): 83GB 
 mean, min, max, range, skewness, kurtosis 

• compositing scores (6 bands): 83GB 
 13.9 GB / band 
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Thank you for your attention! 

 
Questions? / Fragen? 
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