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Study Area / Motivation
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| Transfrontier Conservation Area (KAZA TFCA)
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e.g. forest cover + change/trend:
deforestation/degradation

Biophysical parameters: stand structure,
tree height, biomass, ...




Study Area / Motivation
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LANDSAT PRE-PROCESSING

* cloud masking
* radiometric correction

* gridded data structure

right peak

left peak

LAND SURFACE PHENOLOGY
*  MODIS phenology

EVI

* Data fusion by spatial unmixing 2>
medium resolution phenology

season start

10% season end

20xx+1

1.0

PIXEL-BASED COMPOSITES

* Generation of seamless large area

DOY score
0.5
1

baseline reflectance data
*  Compositing guided by phenology
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SASSCAL
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LANDSAT PRE-PROCESSING

* cloud masking
* radiometric correction
* gridded data structure

generation of wall-to-wall Landsat products



Landsat pre-processing framework
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Frantz, D., A. Réder, M. Stellmes, and J. Hill. “An Operational Radiometric Landsat Pre-Processing
Framework for Large Area Time Series Applications.” In Revision.
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Landsat pre-processing framework SASSCAL
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Fram Emask algorithm + updates (Zhu et al., 2015)

(Zhu & Woodcock, 2012) + modifications (Frantz et al.,
2015a, Griffiths et al., 2013)
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Landsat pre-processing framework
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Processing
In Revision
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Pre-processed dataset

-

20E 28E 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

| Map Information:
Number of processed chips h Coordinate System:
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Datum: WGS 84
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SASSCAL
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left peak right peak

LAND SURFACE PHENOLOGY
* MODIS phenology
* Data fusion by spatial unmixing 2>
medium resolution phenology

EVI

10% season end
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Land Surface Phenology LSP

Phenological descriptors are derived from high temporal
resolution time series, e.g. MODIS
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framework for the
analysis of remotely
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Land Surface Phenology LSP
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Land Surface Phenology LSP

Data fusion via spatial unmixing
—> increase of spatial resolution by a factor of 8.3

MODIS LSP and Landsat reflectance = Landsat LSP

k Kk
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Medium resolution (MR) LSP is modelled from coarse

resoluton (CR) LSP

Based on the reliability of CR and MR data under different
conditions, several proxies are defined:

Sji spectral distance

Tj; sub-pixel heterogeneity (MR texture)

Ujp super-pixel heterogeneity (CR texture)
! — il

Wiip =S5 Tji" Ujip
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left peak right peak

Land Surface Phenology LSP

Data fusion via spatial unmixing
—> increase of spatial resolution by a factor of 8.3
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SASSCAL
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PIXEL-BASED COMPOSITES
* Generation of seamless large area
baseline reflectance data ‘ ]
Compositing guided by phenology g -

DOY score
0.5
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Selection of “best” observation

Parametric weighting scheme based selection process (based on Griffiths et al.,, 2013)

All Landsat images within a pre-defined time window are considered, e.g. Y, = 2010+2 - 5 years

Total score is obtained from
DOY score, Year score, Cloud score, Haze score

Haze Optimized ransormation

SC=1/(1+ dreq/z])) 7 -0.025 -0.020 -0.015 -0.010 -0.005 0.000 0.005
| I l I I |

d,.,: distance after which the sky is assumed to be
clear, e.g. 100px |

Sy = 1/(1 + exp(500 - HOT; + 7.5))

0.0 0.2 0.4 0.6 0.8 1.0

HOT: Haze Optimized Transformation I I T l

proxy for Haze contamination (Zhu & Woodock, 2012) 40 60 80 100 120
pixel distance to clouds / shadows
IS P ¥

-
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Intra-annual contribution: acquisition day

3 phenological descriptors are used, e.g.
* left green peak, Po
* seasonend, P1
* dry minimum, P>

A Gaussian scoring function is fit to the LSP for each
pixel

The Landsat observation is scored according to its
acquisition DOY D;:

S1 -exp(—0.5 D P1]2/0'12) ) (D; < p1)
sy - exp(—0.5 [D; — p11%/0?), (D; = py)

The Gaussian width is derived from the LSP and pre-
defined function values at py, py, P2:
% e.g.SO=O,SI=1,SZ=O

= [po — P1]/\/—2 -log(so/s1)
[p2 — P1]/\/—2 -log(s,/s1)

S A D
\ P Vel 3l o ol 3
- STEY g8
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Intra-annual contribution: acquisition day

3 phenological descriptors are used, e.g.
* left green peak, Po
* season end, 2
* dry minimum, P2

1.0

DOY score ‘
0.5

A logistics S-shaped scoring function is fit to the LSP
for each pixel

0.0

The Landsat observation is scored according to its
Day-of-Year

e .

acquisition DOY D;: e

1.0

s {50/(1 it exp(a AP b)) (S5 > 55
P \s,/(1 + exp(a- [D; — pi] + b)), G0

0.5

DOY score

The function parameters a and b are derived from
the LSP and pre-defined function values at p,, p1, p»:
* eg.5=099s5s =0.1,s, =0.01
* Nelder-Mead Simplex Optimization
(Nelder & Mead, 1965)




Inter-annual contribution: acquisition year
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Compositing should be mainly DOY-driven but data from the target Year should be preferred
" nd cover change and inter-annual variability)
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Multi-Seasonal Composites

green peak
E .
S e dry min.
L

nd of green

dry min.

DOY

* Dry Minimum
2008 + 2 years

Green Peak
2008 + 2 years

2008 *+ 2 years
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* Composite size: 91000 x 82000 px g
- 2730 x 2460 km
e Spatial resolution: 30 m
e ™~ 208 bn. observations were
considered, i.e. 46 obs. / px on average
e ~14h processing time
* Datavolume:
e composite (6-bands): 83GB
e composite criteria (9 bands): 125GB
e standard deviation (6 bands): 83GB

mean, min, max, range, skewness, kurtosis
e compositing scores (6 bands): 83GB
- 13.9GB / band

25 km

end of green d f . ‘ Y 5

. E reen | : '
gprw. nas G ee # of candidates selected DOY spectral variability
v 2008 * 2 years o I 50z ol .40 mean,std. dev., ...
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