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ABSTRACT:

Cutting date and frequency are important paramedetsrmining grassland yields in addition to theeet of weather, soil
conditions, plant composition and fertilisation. Base accurate and area-wide data of grassland yaeddcurrently not available,
cutting frequency can be used to estimate yididthis project, a method to detect cutting daiessurface changes in radar images
is developed. The combination of this method witfir@ssland yield model will result in more reliabled regional-wide numbers of
grassland yields. For the test-phase of the manggroject, a study area situated southeast ofidhyiGGermany, was chosen due to
its high density of managed grassland. For deténgigrassland cutting robust amplitude change tiete¢echniques are used
evaluating radar amplitude or backscatter stasidbefore and after the cutting event. CosmoSkyMetl $entinel-1A data were
analysed. All detected cuts were verified accordmip-situ measurements recorded in a GIS database. AlthihgBAR systems
had various acquisition geometries, the amounetéated grassland cut was quite similar. Of 15 tkegrassland plots, covering in
total 436 ha, 116 and 111 cuts were detected @isgnoSkyMed and Sentinel-1A radar data, respecti#elsther improvement of
radar data processes as well as additional analyskeshigher sample number and wider land surfameerage will follow for
optimisation of the method and for validation areheralisation of the results of this feasibilitydt. The automation of this

method will than allow for an area-wide and coficet cutting date detection service improvinggpland yield models.

1. INTRODUCTION

1.1 Importance of cutting dates for grassland yield

1.2 Sentinel-1

Remote sensing techniques are useful to monitoracerf
changes for large areas. So far, it has been wpgnsive to get

Grassland ecosystems support human, fauna and flofee necessary satellite images with high time rei&nis for

populations worldwide by providing numerous goodsd a
services such as provision of forage for livestoakidlife
habitats, and biodiversity conservation (White let 2000). In
Bavaria (Germany), grassland covers 34% of the altpial
land area and contributes primarily to the producof forage
for the dairy and meat industry (StMELF, 2014). pits the
economic importance of Bavarian grassland, actudl anea-
wide data of grassland yield is not available (Didpr et al.,
2013). Detailed grassland harvest quantificationmissing
because, in contrast to other agricultural prodgetg. grain,
maize, sugar beets), grassland forage does nat thetenarket
and usually remains on the farm. Therefore, quaatibn
techniques such as scales or sensors are genalyin
practice. Cutting date and frequency are importamampeters,
which determine grassland yield, in addition to #ffects on
yield of climate, soil, plant composition and fésttion. These
parameters would be required for yield modelling.(see yield
model in Herrmann et al., 2005). Furthermore, mabsence of
yield data, cutting frequency is currently used dstimate
amounts of fertiliser for managed grassland (Wemdilat al.,
2012). This is necessary because, by state regujati
fertilisation must be oriented on the anticipatedtrient
requirements based on actual nutrient dischargehsiaest.
Thus, information on cutting frequencies might aéssist in
plausibility tests for fertilizer use. However, &tnod to record
dates when grass is harvested over large areasiwatlonly
improve estimations of grassland yields and suakdénuse of
fertiliser, but could also be relevant for quessioof nature
conservation (Herben and Huber-Sannwald, 2002)s,Thus
necessary to find a cost- and time-efficient methodetect
cutting dates for whole regions or countries.

* Corresponding author.

wide areas. The new European earth observationrgroge
Copernicus has developed a set of satellites (c&kutinel),
which will cover the entire world’s land massedeaist on a bi-
weekly basis. The European Space Agency and thepEan
Commission provide the data obtained with Sentirglsan
open and free basis (DLR, 2014). The first Copesgatellite,
Sentinel-1A, carrying a C-band radar system, wasdaed in
April 2014 and radar images are now available ralyi every
12 days and systematically for land monitoring (E2A14).
Together with the identically constructed SentihBIl-(launch
2016) the revisit time of each point will be shord to 6 days.
Thus, this study aims to investigate the applidghif Sentinel-
1A radar data for the derivation of agriculturaloirmation as
they offer a great potential for research acrogmores.

1.3 Radar & grassland cuts

This study focusses on the detection of cuttingeslain

grasslands as changes in the radar backscattemd@ aftgrass
significantly affects the vegetation structure auniface of the
grassland (height, density, shape) and therefoseiltee in

changes of the backscatter intensity of the radgmats. By

comparing the reflection signals over a set of radeges
acquired at a high temporal sampling frequency ih whort

time interval, cuts are expected to be detectableguchange
detection techniques. The application of changeedtien

methods is therefore promising since the cuts amdest events
are temporally sampled in an adequate way.
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2. TEST-PHASE — GRASSLAND CUT DETECTION
2.1 Acquisition plan

In order to achieve a high monitoring potential ariety of

same systems and similar acquisition geometriesy. onl
Therefore only comparisons of the same beam modes a
sensors are made. The approach continues recesstigations
to apply SAR-satellite monitoring to the Europeamsdy
control system (INVEKOS), in which the potential @OSMO-

operational SAR systems are used. For the test-phasgyymed data were evaluated for its integration frerational

specifically to increase the temporal acquisitioegtiency, the

INVEKOS tasks or in precision farming support sgsein

high resolution X-band systems COSMO-SkyMed (CSK) andyy,gy areas in Germany (Britti et al., 2011, Cesaranal.,

TerraSAR-X (TSX) are utilised. Future operationamnitoring
will exploit the C-band system Sentinel-1 (A and Busp
optional X-band acquisitions. During the test-phase
multimission acquisition plan (Table 1) will be dsg a way
that for given harvest periods of three weeks thiesequent
scheme will be applied. Begin and end of these gderiare
determined according to reports of contract farmegdidation

2011, Strehl, 2012, Wagner, 2014). In the presas¢ changes
in backscatter — resulting from cutting of the gréeyer — is
derived from robust amplitude change detection oughi.e.
amplitude ratios. It is assumed that the high agtion rate
samples grassland cutting events sufficiently iway that
changes in density of the vegetation are mappedr go
significant /full regrowth. During our test phadeetchange

of cutting dates is done hg-situ measurements and reports of yatection technique and relevant optimisation mahsuch as

date and location of grassland cuts in the studg.ar

Table 1. Acquisition plan for one harvest periodings

filter settings, are validated. The determinatidncbanges is
performed based on a plot level (field boundarieshg spatial
statistics over the amplitude variation and is ¢atid in the

TerraSAR-X (TSX), Sentinel-1A (S1) and COSMO-SkyMed fig|q |ayer. The resulting change map is verifiesing all
(CSK) system; study area can be acquired with CSKgusi zyailabiein-situ data.

incidence angles h4-09 = 35°, h4-14 = 41°, h4-4%% h4-21
= 49°)

Day S1 TSX CSK CSK S1 TSX CSK CSK
ascending descending
1 h4-09
2 h4-14** h4-09
3 h4-18
4| 1W* h4-21
5 h4-09
6
7
8 11** h4-21 W
9] IW h4-09
10 h4-14
11 h4-14 10 h4-18
12 h4-18
13 W
14 h4-14
15 h4-18
16| 1w h4-21
17 h4-21 h4-09
18 h4-14 h4-09
19 11 h4-18

*W= Interferometric Wide Swath *Beam Mode

A feasibility study was done using CSK and Sentihekdar
images from October 2014 during the last grasskand in a
study area south-east of Munich, Germany.

2.2 Feasibility study

2.2.1 Incoherent monitoring

The acquisition capacity of a multi-mission exezgmovides a
flexible basis to map and monitor both continucas,well as
episodic, events with a high degree of flexibibiyd agility plus

a high unmatched revisit rate with multiple dataketa
opportunities (DTO) for any location. Due to thdustness of
the monitoring approach change detection is appitedthe

2.2.2 COSMO-SkyMed data

COSMO-SkyMed Images of thé®and 1% October 2014 were
evaluated. All images were HH polarized X-band-fekolution
data acquired in Himage mode. The SAR data was ngl&i
Look Slant Range Complex format in product level The
average ground range and azimuth resolution ointagery are
2 m and 2.8 m, respectively. Both acquisitions weosrded at
16:58 (UTC) with a scene centre incidence anglesof 4

2.2.3 Sentinel-1A data

Sentinel-1 data for % and 17 October 2014 were retrieved
from the ESA archive and evaluated. Both images w&t&/H
polarized C-band high-resolution data acquired ime t
interferometric wide swath mode. The data was gugd range
detected (GRD) format and product level 1. The agyeground
range and azimuth resolution of the imagery arenzihd 22 m,
respectively. Both acquisitions were recorded a20%UTC).

2.2.4 Field data — grassland cuts

Grassland plots in the study area were survayitu between
30" September and 130ctober 2014 for cutting activities.
Dates and location of grassland cuts were noted owap. In a
next step, this information was digitalised resgtiin a
shapefile for further analysis in a GIS environméniring this
time period, cuts on 154 grassland plots were tkdec

2.2.5 SAR data processing

COSMO-SkyMed

The CSK images were georeferenced using a digitahite
model (Range Doppler Terrain Correction, SRTM) and
reprojected to the coordination system 3-degreesS&#uliger
zone 4. For analysis and comparison the radar imagge
radiometrically calibrated. The corrected amplitudieta was
resampled to 3 m and transformed to the logarithenade (unit
dB). Speckle was reduced with an adaptive Frostr fllvindow
size 7*7). All image processing was performed vB#hRscape
(ENVI) and ERDAS Imagine. Radar data was exported as
GeoTIFF (unsigned 8bit) to visualize and analysa @daa GIS
environment.
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Sentinel-1 Of 154 tested plots (covering in total 436 ha) &b@ 111 cuts
Sentinel-1 data was pre-processed using data ctiomeand were detected with CSK and Sentinel-1 data compariso
orthorectification processes implemented in SARscdpata respectively. Neither CSK nor S1 grey value analysssited
was georeferenced using a digital terrain model geddoppler in the detection of cuts on 25 grassland plotstHeumore, 18
Terrain Correction, SRTM) and reprojected to the domtion  cuts were missed by Sentinel-1 but not by CSK. Imtrest, 13
system 3-degree-Gauss-Kriiger zone 4. For analysid a cuts were detected by Sentinel-1 but not by CSK.

comparison the radar images were co-registered. damh

image, both polarisation channels (VV and VH) wereTable 2. Grey value comparison for the two grashlafot
radiometrically corrected and exported as sigmal) yalues samples (see Figure 1); given are in-situ detectgting date,

(unit dB). grey value mean and differences extracted from C8&yided
images of ¥ and 1%' October 2014 as well as from Sentinel-
Grey level statistic 1A data of 5th and 17th October; negative valugrey value
Radar data was overlaid with a shapefile includiveggrassland and sigma0 (for Sentinel-1A) difference indicatessgland cuts
plots with cutting dates fronn-situ measurements. The grey Plot Cuttingdate Grey value mean sigma0
values of each image represent the strength ofati@ return. CosmoSky Med* Sentinel-1A
For a qualitative comparison grey level statistiogere 3.10. 15.10. difference =~ 5.10. 17.1.0. difference  diffeeenc
calculated for each grassland plot illustrating blaekscatter or 1 6.10. 80 127  -47 6 27 -11 -27.1
intensity change before and after an area of giadghad been 2 10.10. 90 133 43 17 30 -13 -32.6
harvested. *after adaptive Frost-filtering
2.3 Results According to the sigmaO-values (VV polarizationj11plots

showed an increase in the radar backscatter amelitu

Alterations in the grey values of radar images atbsystems Therefore, the difference betweeff &nd 17 October were
(CSK, Sentinel-1) showed modified radar backscadtgnals negative, also indicating the grassland cuts orsethplots
due to surfaces changes in the test area (examelgigure 1). (example in Table 2).
These changes were caused by grassland cuttingsh whuld
be verified by in situ measurements. In order tinege the 2.4 Discussion
separability of cut and uncut grassland, mean gadyes of
each image were extracted and compared (examplebile 2). This feasibility study showed that grassland cats loe detected
using radar images of chronologically close datge. far,
change detection with both SAR systems with a retiisie of
12 days resulted in the retrieval of about 74% kmanassland
cuts. Although the systems had various acquisiieometries
(e.g. differences in polarisation, wave length tighaesolution),
the amount of detected grassland cut was quitdasinfiurther
analysis has to show, if specific field conditiosisch as low
grass height difference, environmental conditiorinfly soil
type, moisture, trees) or management practices ke missing
of 25 grassland cuts by both SAR systems (Bouman & va
Kasteren, 1990a, b). The 18 cuts only missed bgctien with
Sentinel-1A data (S1) might be caused by the caasaution
or differences in wave length. Zoughi et al., (1p&ported that
in contrast to X-Band, soil and its properties was dominant
factor in backscatter from grass canopy at C-Bands&e for
the detection of 13 cuts by S1 but not by CSK mighthe VV
polarisation. Horizontal polarisation seems to lersensitive
to horizontally oriented target components suckalkssurface,
therefore vertical polarisation might result in ostger
backscatter from the upper portion of grass car@oyghi et
al., 1987) However, due to the coarse resolution of S1 dhea,
grey value mean results from fewer pixels per ptonpared to
CSK data. Therefore, the statistics of S1 data ates reliable
as of CSK data. Further analysis with a higher sampimber
and wider land surface coverage is necessary fatation and
generalisation of the results of this feasibilitfudy. The
detection rate of 74% is not yet sufficient foriable estimation
of cutting frequencies. However, the radar datacgssing
‘ ; could be further optimized for instance by filteyimr using

. . e o . : coherence information. Coherent monitoring was duscope
Figure 1. Alteration in radar backscatter signaygvalue by o the recent study conclusion, though the appliity of

grassland cuts in a part of the study area, imagesose techniques will be conducted during furttteps of the
CosmoSkyMed: 8 and 1% October 2014; Sentinel-1A"&and  oq¢ phase. Grassland is a dynamic system andsphamet

17" October 2014 VV polarized; in situ measurementsated continuously growing (up to 10-20 cm in a week gtiral

grassland cut on plot 1 oif'@nd plot 2 between 1P conditions). Enhancing the revisit times (e.g. §sdimstead of
12 with additional Sentinel-1B data) and thus usinget of
radar images acquired at a higher temporal samfigegiency,
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changes in grassland growth might be better ingatpd. In
this context, it should be mentioned that, in Oetlhe height
difference in grassland before and after the cuisigally not
very pronounced (10-15 cm). Therefore, the detactite of
this feasibility study is reasonable. For annuasgtand yield
the first cut in the year is the most importantually
contributing 25-40% depending on the managemesensity.
Then, pre- to post cut height difference is gemgatout 30 to
50 cm. Thus, a higher detection rate for the finst can be
expected.

3. OUTLOOK - YIELD ESTIMATION

The improved and automated method for grasslartithgudate
detection based on Sentinel-1 radar data will begiated in a
grassland yield and quality model such as used daynknn et
al., (2005). The main model parameters are thdlisaieased
cutting date information in addition to climate asite specific
data retrieved from state or national geographforimation
systems (Figure 2). Then, yield and quality estiomst can be
calculated area-wide

‘ Satellite data ‘

Climate

‘ Sentinel-1 data ‘

Change detection

{precipitation, temperature, radiation)

Information GIS based
or manually entered

Management
(fertiliser amount & date)

Grassland species
composition

Yield model

Soil moisture
holding capacity

Grassland yield

Figure 2. Outline of improved and regionalized glaisd yield
model

In addition, a yield prognosis model with a welenfdce might
be developed using this model to predict the bast @n terms
of yield and quality) for the next cutting for slaggrassland
plots. Radar information could be used to set thdisg point
for the model run. If known, farmers might add mdetailed
information of their grasslands to further improuae
estimation.
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