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Abstract

The purpose of this article is to investigate the possibilities of mapping crop condition using
high resolution (HR) satellite images for Zhiten test site situated in Northeast Bulgaria. The chosen
satellite images are acquired from multispectral QuickBird-2 and panchromatic WorldView-1 sensors
on 31/05/2009 and 30/11/2011, respectively. The methodology of this article includes the following
working stages: 1) applying arable mask from CORINE 2006 land-cover database; 2) conducting
per-pixel supervised classification using the Maximum Likelihood Classifier (MLC) algorithm for
crop identification; 3) applying accuracy assessment tool in ERDAS Imagine and deriving accuracy
totals and Kappa statistics; 4) mapping crop condition using Normalized Difference Vegetation Index
(NDVI), Renormalized Difference Vegetation Index (RDVI) and Soil Adjusted Vegetation Index
(SAVI) indices. The overall classification accuracy for the QuickBird-2 image is 90.86 % and overall
Kappa statistics is 0.8538, while for the WorldView-1 image is 86.71 % and overall Kappa statistics
is 0.7721. The SAVI shows better sensitivity for the spring crops cultivars with less than 40 %
vegetation cover. Meanwhile, the NDVI gives good results for winter crops, but saturates at high
vegetation dencity and gives generalized results for values less than 0.40. Overall RDVI gives better
crop condition results for winter crops at flowering and grain filling phenophases and spring crops at
vegetative phase compared to NDVI and SAVI.

1. Introduction!
Currently a major challenge in agricultural applications is forecasting crop
production using low and coarse resolution satellite images, while for high

! Abreviations used:

MARS — Monitoring Agriculture with Remote Sensing

LACIE — Large Area Crop Inventory Experiment

CITARS - Crop Identification Technology Assessment for Remote Sensing
NDVI — Normalized Difference Vegetation Index

RDVI — Renormalized Difference Vegetation Index

SAVI - Soil Adjusted Vegetation Index
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resolution (HR) satellite images one of the hottest topics is controlling area-based
subsidies and applying precission agriculture practices amongst others. Satellite
Remote Sensing (RS) provides synoptic, objective and relatively homogeneous
data which can be geographically and temporally registered. Therefore, RS is an
efficient tool for providing standard, high quality information on agriculture,
evenly over broad-scale territories. The Monitoring Agriculture with Remote
Sensing (MARS) project of the European Union was established in order to define
and demonstrate how RS can be used operationally to supplement, interpret, and
standardize agricultural statistical data provided by conventional techniques
(Meyer-Roux and Vossen, 1994; De Winne, 2004). Satellite RS techniques have
been proven to be effective and useful in broad-scale agricultural surveys such as:
Large Area Crop Inventory Experiment (LACIE) project in the USA and MARS
project in Europe (Cohen and Shoshany, 2002). Additonally, experiments from
LACIE and Crop Identification Technology Assessment for Remote Sensing
(CITARS) projects have also been conducted to demonstrate the capabilities of RS
for crop inventory and forecasting (MacDonald, 1984; Blaes, 2005).

Vegetation types can be characterized using their seasonal variations in the
Normalized Difference Vegetation Index (NDVI) time-series, which include a
series of images, acquired on weekly or decadal basis and showing the crop
development dynamics. For example, the winter wheat phenophases, such as
tillering and flowering as well as harvest, can be successfully identified using
sensors with different spatial resolution in various band combinations and severe
ground surveys, including collecting information for defining training samples for
the supervised classification (Townshend et al. 1991). A number of different
methods have been developed during the last two decades to discriminate crop
types using NDVI and data from the Advanced Very High-Resolution Radiometer
(AVHRR). These methods employ a variety of different approaches including
temporal profiles of crop phenology manifested in the NDVI (DeFries et al. 1995;
Reed et al. 1994), and classification of multi-temporal data (Brown et al. 1993;
Loveland et al. 1995), which can be applied on differently managed crop areas
worldwide.

Crop identification during the growing season is a major challenge for
forecasting crop production as well as for controlling area-based subsidies in the
European Union member states (Blaes, 2005). The basis for separation one crop
from another is the supposition that each crop species has a unique visual
appearance and spectral signature on the image. However, separating these species
may be difficult because of variations in soil properties, fertilization, pest
conditions, irrigation practices, planting dates, as well as intercropping, and tillage
practices (Ryerson et al. 1997), all of which can be adopted in precision farming
using high quality satellite images. Thus, high-resolution satellite images are the
key to the above mentioned difficulties.
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The purpose of this case study is to investigate the possibilities of mapping
crop condition using HR satellite images for a test site in North-East Bulgaria, and
it includes the following tasks:

(1) Applying arable mask from CORINE 2006 land-cover database;

(2) Conducting per-pixel supervised classification using the maximum likelihood
classifier (MLC) algorithm for crop identification;

(3) Applying accuracy assessment tool in ERDAS Imagine and deriving accuracy
totals and Kappa statistics;

(4) Mapping crop condition using NDVI, RDVI and SAVI vegetation indices.

2. Materials and methods

The study area — part of Zhiten test site is situated in North-East Bulgaria.
The area represents intensively cultivated area sowed mostly with cereals and
sunflower. This territory is one of the main agricultural regions of the country. The
area is part of the European-continental climatic province of the temperate climatic
belt. Climate is moderately warm with no distinctive dry season. Mean annual air
temperature is 10.2 °C. The main soil types are chernozems from the zonal ones
and fluvisols from the azonal ones.

The major cultivated winter crops (wheat and oilseed rape) and spring
crops (sunflower and maize) were investigated in the present case study.

During the 2010-2011 agricultural season and in particular in the period
between March-July 2011 four exhaustive field surveys were carried out and
ground data was collected and organized in a GIS geodatabase. Field data was
collected in the framework of a project financed by the Belgian Federal Science
Policy Office (BELSPO) under the PROBA-V Preparatory Programme, with
acronym — PROAGROBURO (Roumenina et al. 2013). The ground-truth data
consists of descriptions of the LU/LC types, phenological stages and vegetation
cover of crops, GPS measurements, and photos. The collected ground data will
contribute of selecting appropriate training samples for the supervised
classification on the chosen satellite images. Two satellite images were used in this
study: a WorldView-1 panchromatic satellite image with 0.50 m spatial resolution,
acquired on 30/11/2011 and QuickBird-2 multispectral (2.4 m spatial resolution)
and panchromatic image (with 0.60 m spatial resolution), acquired on 31/05/2009.

The most commonly used RS vegetation index for agricultural applications
is the NDVI, expressed by the following formula: NDVI = (NIR-VIS)/(NIR+VIS),
where VIS and NIR stands for the spectral reflectance measurements acquired in the
visible red and near-infrared regions, respectively (Rouse et al. 1973). NDVI is
commonly used measure for the amount of green vegetation. It ranges typically
from 0.15 (bare soils) to 0.80 (dense vegetation). Additionally, the Renormalized
Difference Vegetation Index (RDVI), expressed by the following formula: RDVI =
(NIR-RED)/V(NIR+RED) (Rougean and Breon, 1995) and Soil Adjusted
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Vegetation Index (SAVI), expressed by the following formula: SAVI = NIR-
RED/NIR+RED+L * (1+L), where L is a constant value equal to 0.5 (Huete, 1988).

An arable land mask using CORINE data was applied on the QuickBird-2
and the WorldView-1 images in order to classify only the arable land and reduce
the occurrence of mixed pixels with other non-arable classes.

The k-mean and lIterative Self-Organizing Data Analysis (ISODATA)
clustering algorithms are the most frequently used ones in RS. The ISODATA
algorithm was selected in this study because it allows different number of clusters,
while the k-mean algorithm assumes that the number of clusters is known a priori
(Groom et al. 1996; Garcia-Consuerga and Cisneros, 1999; Yang et al. 1999).
Unsupervised ISODATA classification with five classes was applied to spectraly
discriminate the crops and to collect the necessary information in order to delineate
the training samples for the supervised per-pixel classification. Per-pixel
supervised classification using the Maximum Likelihood Classifier (MLC)
algorithm was applied on the arable territories of the test site for both images for
crop identification purposes. In the MLC procedure, at least 10-15 independent
training cases per class were used, so that its mean and variance can be estimated.
Around 160-170 randomly distributed points were used for accuracy assessment
for both classified images. The multispectral QuickBird-2 satellite image and the
derived NDVI, RDVI, and SAVI vegetation indices were used to map crop
condition.

3. Results and discussions
3.1. Applying arable mask from CORINE 2006 land-cover database

An arable land mask using CORINE 2006 land-cover data was applied on
the QuickBird-2 and the WorldView-1 images in order to classify only the arable
land and reduce the occurrence of mixed pixels. In Fig. 1 all the land cover classes
present in the test area are shown and ‘2.1.1. Non-irrigated arable land’ class was
used to build the mask layer.

3.2 Conducting per-pixel supervised classification using the maximum
likelihood classifier algorithm for crop identification

The crop identification process was accomplished firstly by conducting
unsupervised classification (using ISODATA algorithm) with 4-5 classes/clusters
for both the multispectral QuickBird-2 and panchromatic WorldView-1 images.
This spectral information was used together with the ground data as an indicator
where to draw training samples for the supervised classification.
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Fig. 1. CORINE 2006 land cover classes

The unsupervised classification is traditionally the first step and is
accommodating the interpretation of the images. Supervised classification using the
Maximum Likelihood Classifier (MLC) algorithm was applied to the arable land
images. In the MLC procedure, a key concern is to collect a training set comprising
of at least 10-30 independent training cases per class per discriminatory variable
(e.g. band) to allow the formation of a representative description of the class, so
that its mean and variance can be reasonably estimated (Piper, 1992). For example,
the spectral response of an agricultural crop class in an image might vary as a
function of variables such as: the crops growth stage, topographic position, density
of vegetation cover and health, impact of management activities, substrate
conditions, and instrument view angle (Foody, 2002). The gathered training set
from the field data was good enough to make representative training samples for
the arable land classes. The unsupervised classification in combination with the
ground information and the derived NDVI image helped to choose and delineate
appropriate training samples for the supervised classification of the QuickBird-2
image. The investigated phenological stages based on the image acquisition dates
are: flowering and grain filling phenophases for winter crops and vegetative phase
for spring crops for the QuickBird-2 image and emergence phenophase for winter
crops for the Worldview-1 image.
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Fig. 2. Per-pixel supervised classification of QuickBird-2 satellite image

T4ITE VS TAESE TGV JAIE WVE TSE TYVE SITE AIEIE IEWE IUVE UINVE JUTE HWE AHVE ASEVE AWTE WIWE AVE A0 AWIE AWHE THUE

7
P

T
avapon 2

T
avarsen

T
arazon

W [ mask :
8 | stubble Fields [

N - Bare soil e

Winter wheat
and Oilseed rape |-

T
R A

T
R

T
avasaen

T
arseon

10 625 1250 2500 3750 5000
-—— Mete!

s

T T T T T T T T T T T T T T T T T T T T T T T T
2PATITE MUBVE UEWE AATVE JUTIVE WOVE ZOWE SICE WSIINE WIVE WNWE WICE AEINE WIAVE WSICE WISTE WIIE IIVE WIINE ASTTE TIWE WIVE WUE BV

Fig. 3. Per-pixel supervised classification of WorldView-1 satellite image



The identified classes and their distribution in percentage for the
QuickBird-2 satellite image are: good status - winter crops (wheat and oilseed rape
— 27.72 %),) average status - winter crops (wheat and oilseed rape — 2.77 %); bad
status - winter crops (wheat and oilseed rape — 6.21 %); stubble fields/bare soil —
2.19 % and spring crops — sunflower and maize — 43.32 % (Fig. 2), while for the
Worldview-1 satellite image are: winter crops (wheat and oilseed rape) class; bare
soil and stubble fields classes (Fig. 3).

3.3. Applying accuracy assessment tool in ERDAS Imagine and deriving
accuracy totals and Kappa statistics

Accuracy assessment tool in ERDAS Imagine software was utilized for
assessing the accuracy of the per-pixel classified images of QuickBird-2 (Fig. 4)
and WorldView-1 (Fig. 5.). Around 160-170 randomly distributed points were
assessed for both classified images. Accuracy assessment was applied on the
WorldView-1 classified image for crop identification using its high spatial
resolution by applying visual interpretation on the panchromatic and both on the
unsupervised and supervised classifications in combination with the ground data.
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Fig. 5. Accuracy assessment on QuickBird-2 image

The achieved results on the overall classification accuracy for the
QuickBird-2 image is 90.86 % and overall Kappa statistics is 0.8538 (Table 1),

while for the WorldView-1 image is 86.71 % and overall Kappa statistics is 0.7721
(Table 2).

Table 1. Accuracy totals for QuickBird-2

Class Name

Reference | Classified | Number Producers User
Totals Totals Correct Accuracy (%) Accuracy (%)
Stubble fields 6 5 5 83.33 100.00
Bad status — WC 14 8 8 57.14 100.00
Average status — WC 21 15 14 66.67 93.33
Good status - WC 44 48 42 95.45 87.50
Spring crops 90 99 90 100.00 90.91
Overall Accuracy —90.86% | Kappa— 0.8538

Table 2. Accuracy totals for WorldView-1

Class Name

Reference

Classified | Number Producers User
Totals Totals Correct Accuracy (%) Accuracy (%)
Stubble fields 19 15 14 73.68 93.33
Winter crops 73 77 64 87.67 83.12
Bare soil 81 81 72 88.89 88.89
Overall Accuracy — 86.71% | Kappa-— 0.7721
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The QuickBird-2 accuracy assessment shows that the class ‘stubble fields’
is with high accuracy, the reasons are that the class is easily identified using the
multispectral data and the precise delineation of the training samples in ERDAS
Imagine. The class ‘spring crops’, represented by sunflower and maize are with
high users accuracy 100 %, with 90 reference points used for the accuracy
assessment. The high user’s accuracy is due to the different crop development
stage between winter crops and spring crops at the date of image acquisition. The
accuracy assessment of the winter crops’ classes show that the ‘bad status’ class is
with 100 % user’s accuracy, while average status and good status classes are with
93.33 % and 87.50 %, user’s accuracy, respectively. The accuracy assessment of
the WorldView-1 satellite image shows that the ‘bare soil’ class is representing
territories which are being prepared to be sown with spring crops in the agricultural
year 2011-2012 or left for fallow land. The ‘winter crops’ class represents areas
which have already been sown with winter crops (wheat and rapeseed) and are at
emergence phenophase.

3.4. Mapping crop condition using NDVI, RDVI and SAVI indices

Mapping crop condition was accommodated using the multispectral
QuickBird-2 image and the derived Normalized Difference Vegetation Index
(NDVI), Renormalized Difference Vegetation Index (RDVI), and Soil Adjusted
Vegetation Index (SAVI).

The raw NDVI, RDVI and SAVI indices, respectively (Fig. 6, Fig. 7, and
Fig. 8) are presented by color ramp (‘no vegetation’ to ‘dense vegetation®). The
highest values of the indices are for winter wheat followed by oilseed rape,
sunflower, and maize cultivars. Additionally, the crop condition was mapped using
the derived NDVI image and applying histogram reclassification. The crop
condition status classes are the following: (1) ‘bad condition’ and (2) ‘good
condition’ for winter crops and (3) ‘low NDVI values’ for the other fields, since
they are already sown with early spring cultivars or left for fallow land (Fig. 9).
The crop condition was analyzed using interpretation between all the indices and
comparing them with the collected farmers inquires on applied agricultural
practices and observed crop development stages for the agricultural fields in the
test area. The SAVI shows better sensitivity for the spring crops cultivars with less
than 40 % vegetation cover whereas, the NDVI gives good results for winter crops,
but saturates at high vegetation densities and gives generalized results for values
less than 0.40. Overall, the utilized vegetation indices show that RDVI gives crop
condition assessment results for winter crops at flowering and grain filling
phenophases and spring crops at vegetative phase compared to NDVI and SAVI.
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4. Conclusions

The presented methodology using per-pixel supervised classification for
crop identification and consequently followed by utilizing the NDVI, RDVI, and
SAVI indices provides a rapid tool for accurate and valuable crop condition
information for a better crop management and for immediate adoption in precision
farming practices. The results show that RDVI vegetation index can better be
utilized for crop condition assessment at flowering and grain filling phenophases
for winter cultivars and vegetative phase for spring crops compared to both NDVI
and SAVI. Furthermore, in near future within the framework of the Copernicus
Programme and the launch of Sentinel-2 mission, with its more sufficient spectral
capabilities, will add more possibilities for agriculture related investigations and
will allow applying new spectral indices for improved retrieval of vegetation
biophysical parameters.
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KAPTOI'PA®UPAHE HA CBCTOSAHUETO HA 3EMEJIEJICKHA
KVYJTYPHU IO CITBTHUKOBU N30BPAKEHUSA U TIPOAYKTHU
OT QUICKBIRD-2 H WORLDVIEW-1. TOYHO 3EMEJIEJIME
BBHPXY YACT OT TECTOBHU YYACTDBK )KUTEH, PA3IIOJIOKEH
B CEBEPOU3TOYHA BbJII'APUSA

B. Bacunes, E. Pymenuna

Pe3rome

IlenTa ©Ha HacTOSAIIATa CTaTUsl € Ja U3ClIenBa NOTCHIHMANA U
BB3MOYKHOCTHTE Ha KapTorpapupaHEeTO Ha CHCTOSHHETO HA 3EMENENICKU KYITYpH
N0 CITBTHUKOBH W300paXKEHUS C BHCOKA IIPOCTPAHCTBEHA pa3leluTeHa
CIIOCOOHOCT BBPXY TeCTOBUM y4acThK JKuTeH, pasmoniokeH B CeBepoM3TOYHA
bearapus. W306panu ca CObTHUKOBH m300pakerms ot QuickBird-2 wu
WorldView-1, 3acuern cwrorBerHo Ha 31.05.2009 r. u 30.11.2011 r. Merono-
JoTusATa BKItOYBa cinenHute padbotau eramu: 1) [Ipumarane ma macka or CORINE
2006 3emHO mokpuTHe; 2) V3BBpIIBaHEe HA MUKCETHO-OPUEHTHPAHA KOHTPOIMpaHa
KnacuuKamys MO MeToJa Ha MAaKCHUMajHO MoJo0Me 3a pas3lo3HaBaHe Ha
3eMenencku Kynrypu; 3) Ilpunarane Ha MHCTPYMEHT 3a OIIEHKa HAa TOYHOCTTAa Ha
KIacupuKaMiuTe W W3BIMYaHe Ha o0ma TouHocT W Kama cratucruka; 4)
Kaprorpadupane Ha CbCTOSIHUETO Ha 3eMEICICKUTE KYITypH MO TE€HEpUpPaHH
unaekcan u3zobpaxenuss Normalized Difference Vegetation index (NDVI),
Renormalized Difference Vegetation Index (RDVI) u Soil Adjusted Vegetation
Index (SAVI). Oo6mmara Tounoct Ha u300paxenuero ot QuickBird-2 e 90.86% u ¢
Kama cratuctuka ot 0.8538, mokaro tosa na WorldView-1 uma o6ma To4HOCT OT
86.71% wu c Kama craructuka ot 0.7721. SAVI wmHnmekca mokas3Ba mo-mo0Opa
YyBCTBUTEIHOCT KBM MHPOJETHUTE KYJITYpH C OOIIO IUIOIIHO HMOKPUTHE OT MO
40%. Ot pnpyra crtpana NDVI wuHaekca naBa mo-moOpu  pes3ynTaTH IpH
KaprorpadupaHe Ha 3UMHHTE KyITypH, HO HMHIEKCAa C€ HACUINA NPU BUCOKH
CTOMHOCTHU U I'bCTa pacTuTenHa nokpuska. Ocsen ToBa NDVI nnnekca naBa Hucka
nHGOPMATUBHOCT TIpH cToiHOoCTH 1o-Hucku oT 0.40. RDVI unnexca nasa noopu
pe3yiaTaTd INpH KaprorpadupaHe Ha 3MMHUTE KYIATYpPH IPH H3KJIACSIBaHE U
HallMBaHe Ha 3bpHO (eHodasuTe, KaKTo M NpH (azata oOpasyBaHE Ha CHIBETHS
MIPU TIPOJIETHUTE KyNTypu cpaBHeHo ¢ uHnekcure NDVI u SAVI.
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