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The photosynthetic activity of plants can be observed from space via
satellites and may be described by the Normalized Difference
Vegetation Index (NDVI). Based on Sentinel-2 data this poster deals with
establishing a relationship between satellite-based land surface
phenology (LSP) and ground phenology (GP) allowing for the detection
of
phenological occurrence dates from satellite data directly.
Comparisons with MODIS data, which have a significantly lower
resolution, show the improvement achieved by Sentinel. This poster
presents results for beech and birch spring phases.

The space mission Sentinel-2 consists of Sentinel-2A, launched in June
2015 and Sentinel-2B, launched in March 2017. Sentinel Data used here
have been provided by:
*Institute for Information and Communication Technologies, Joanneum
Research Graz – Projects: “Evolution of Copernicus Land Services based
on Sentinel data” (ECoLaSS) and “Distributed, Integrated and harmonized
forest information for Bioeconomy Outlooks” (Diabolo). Data cover Tyrol
and southern Germany and contain NDVI information for 2016 and 2017
(10m + 10day spatio-temporal resolution). Cloud and snow filtering has
been carried out. Cloud shadows, however, have not been corrected.
*Institute for Forest Inventory of the Federal Office of Forests (BFW) -Projects: "Determination of damage caused by bark beetles contribution of the remote sensing phase I“. NDVI for 2017 is based on
cloud filtered data. Cloud shadows have been identified and excluded.
MODIS Data (Moderate Resolution Imaging Spectroradiometer) from:
*Institute for Surveying, Remote Sensing and Land Information (BOKU)
They have NDVI information for 2016 and 2017 over Central Europe and
Sweden (250m + 7 day spatio-temporal resolution).

Within one year (e.g. 2017) Sentinel and MODIS NDVI-data,
representative at phenological observing sites are assembled to timeseries (Figure 4 and Figure 6). The degree of representativity is
determined via the land-use cadaster by defining the fraction of forested
land (Figure 3). Resulting curves vary from site to site - just as the
occurrence dates of ‘leaf unfolding’ do. Areas limited by curves and
occurrence dates, thus, vary between sites as well and are now taken to
signify the enty of ‘leaf unfolding’. These areas are used together with
NDVI-data of another year to estimate the occurrence date, which is
compared to the actual observation. Results are then used to access the
’area’ approach as well as the performance of Sentinel and MODIS.

Observations referring to the phenological phases: ‘leaf unfolding’
pertaining to beech and birch reach back to the end of WWII. Earlier
observations have been destroyed in Berlin along with many other
documents of ZAMG, which have to be transferred there. Figure 5 below
depicts the development of these phases, which both show significantly
increasing delays in phase entry dates until the 1980s and strongly
advancing occurrence dates ever since. This, in fact, is another,
independent proof of anthropogenic climate change since it is based on
phenological observations and not on air-temperature, which has been
primarily used in this regard.

Beech and Birch
Beeches (Fagus sylvatica aka ‘red beech’) are deciduous trees, that can
grow up to a height of 35 m. They are a shade, stand-forming species,
preferring nutrient-rich soils. Beeches can occur up to about 1500 m
above sea level. Therefore beeches are to be found mainly in plains and
low mountain ranges (see Figure 1).

Phenological observations (GP) for 2016 and 2017 are provided by the
ZAMG (PEP725) and extend across the D-A-CH region and Sweden.

Figure 1a: Distribution
of beeches in Europe.
(Source: EUFORGEN)

The linkage of Sentinel and MODIS NDVI data to phenological records,
however, requires the use of a land-use cadastre too. Copernicus High
Resolution Layers for forests with a spatial resolution of 20m are used
for this purpose.

Figure 5: Entry date of leaf unfolding for birch (top) and beech (bottom) in Austria
from 1945 onwards. Colors indicate different regions: the whole of Austria (black),
western parts (red), the north (green) and Austria’s south (blue).
Figure 3: Copernicus High Resolution Layers for the detection of forested land within a MODIS
pixel representative for a phenological observing site (blue dot).

Figure 6: Interpolation of MODIS NDVI time series by splines of different order.

Outlook
Figure 4: Symbolic run of NDVI values at one site throughout one year.

Aside from this rather new approach other methods are evaluated too. Occurrence
dates may be, for instance, estimated more directly from NDVI data via:
Figure 2: Target regions investigated here. Borders of Sentinel data are shown as red and blue
rectangles (colors refer to data provider: Joanneum / BfW). Dots indicate phenological observing
sites, whereby colors notify ‘leaf unfolding’ entry dates of birches in 2017 (seel legend).

Figure 1b: Distribution
of birches in Europe.
(Source: EUFORGEN)

Birches (Betula pendula) are deciduous trees, growing up to 20 m high.
They have pointed conical, narrow crowns, which bulge later or
become irregular. Birches are a pioneer tree species developing on
loose, light raw soils and are, thus, frequently used for recolonization
of bare areas. As a robust pre-forest tree species, resistant to cold,
birches hardly suffers from late frost events.

NDVI (Normalized Difference Vegetation Index) : Differences in
reflectance between the red-visible and the NIR spectral ranges:
𝑁𝐼𝑅 − 𝑅𝑜𝑡
𝑁𝐼𝑅 + 𝑅𝑜𝑡
Reflectivity in the NIR range corresponds to the presence of chlorophyll.
𝑁𝐷𝑉𝐼 =

NDVIratio(t) =

NDVI(t) − NDVImin
NDVImax − NDVImin

, or from the date at which the NDVI’s first derivative attains its maximum.

First results with MODIS reveal a low correlation between observed and
simulated entry dates, which may result from incorrectly assigning
phenological observations to sites. Frequently localities at which ‘leaf
unfolding’ is reported are far away from forests or groups of trees.
Another source of error may be the so-called ‘mixed-pixle’ problem,
which signifies the presence of various land-cover-classes within a
MODIS pixel (250 x 250 m2).

To get control over the errors induced by incorrectly reported linkages between
phenological obsevations and observing sites areas around GP points will be
enlarged allowing for more satellite pixels which may contain suitable types of
vegetation. Further work refers to the application of different interpolation methods,
the establishment of a reliable cross-validation approach for model comparisons.
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