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Abstract
The objects of investigation are the major crops in Bulgaria (winter wheat, winter barley,
sunflower and maize). The purpose of this paper is to 1) identify major crops using satellite
data with low spatial resolution of 1000 m using agro-phenological information;
2) monitoring based on NDVI time-series values for the years 2007, 2008 and 2010, where
anomaly events occur based on the information in the National Institute of Meteorology
and Hydrology at the Bulgarian Academy of Sciences (NIMH-BAS) agrometeorological
monthly bulletins. The current paper shows the massive potential of using low spatial
resolution satellite data in identfying crops and monitoring the development anomalies on
crops. This research will contribute in applying and elaborating JRC MARS methodology

in Bulgaria by using low resolution SPOT-VGT NDVIs S10 satellite product.

Introduction

Satellite remote sensing (RS) provides synoptic, objective and
homogeneous data, which can be geographically and temporally registered,
and therefore, could be an efficient tool for providing standard, high quality
information on agriculture, evenly over the whole of Europe. The
Monitoring Agriculture with Remote Sensing (MARS) project of the
European Union was established in order to define and demonstrate how RS
could be used operationally to supplement, interpret, and standartize
agricultural statistical data provided by conventional techniques (Meyer-
Roux and Vossen, 1994; de Winne, 2004). Satellite remote sensing
techniques have proven to be effective and useful in broad-scale agricultural
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surveys such as: large area crop inventory experiment (LACIE) in the USA
and monitoring agriculture with remote sensing (MARS) in Europe (Cohen
and Shoshany, 2002). Experiments such as Crop ldentification Technology
Assessment for Remote Sensing (CITARS) and Large Area Crop Inventory
Experiment (LACIE) were conducted to demonstrate the capabilities of RS
for crop inventory and forecasting (MacDonald, 1984; Blaes, 2005). Crop
identification during the growing season is currently a major challenge for
forecasting crop production as well as for controlling area-based subsidies

(Blaes, 2005).

Materials and Methods

The whole arable territory of the Republic of Bulgaria was used for
applying the proposed methology. The most commonly used vegetation
index for agricultural applications using RS data is the Normalized
Difference Vegetation Index (NDVI), expressed with the following formula:
_ (NIR-VIS)

(NIR+VIS)
where VIS and NIR stands for the spectral reflectance measurements
acquired in the visible (RED) and near-infrared regions (NIR), respectively
(Rouse et al., 1973).

Time-series of SPOT-VEGETATION NDVIs S10 smoothed actual
product with spatial resolution of 1000 m. for three year (2007, 2008 and
2010), where anomaly events were observed, based on the information from
the monthly bulletins from NIMH-BAS. Overall the used low-resolution
satellite images for the study were 108.

NDVI

The two major tasks are the following:

1) Identification of crops in the arable territory of Bulgaria, for the years
2007, 2008 and 2010, using the cluster analysis method upon a 10-day
SPOT-VGT NDVIs S10 product by extracting agro-phenological
information from the NIMH-BAS monthly bulletins;

2) Monitoring the NDVI time-series values for the years 2007, 2008 and
2010, where anomaly events occur based on the information of the NIMH-
BAS monthly bulletins.
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A complex approach has been undertaken in order to achieve the purpose of
the study. The methodological scheme includes the sequence of the
following working tasks Figure 1:

Using satellite images with low
spatial resolution from SPOT-VGT
NDVIs 510

Applyingarable
mask on the

territory of Bulgaria
ISODATA Unsupervised classification

/

Crop identification using agro-
phenologicalinformation from

the monthly bulletinsfrom
NIMH - BAS

Monitoringthe NDVItime-series values for
the years 2007, 2008 and 2010, where
anamaly events occur based on the
information of the NIMH-BAS monthly
bulletins

Applying cluster analysis
with 5 classes

Fig. 1. Workflow of the study

Short desription of the methodology

An arable mask was applied in order to extract only the arable land
using information from CORINE 2000 database and then aggregated to the
spatial resolution of the used SPOT-VGT NDVIs S10 product — 1000 m.
The images were stacked on yearly basis (one file with 36 bands,
repsesenting the 36 decads of the year) in order to work with more concise
data. Unsupervised ISODATA classification with five classes was used on
the individual yearly stacked images in ERDAS Imagine software (Groom
et al., 1996; Garcia-Consuerga and Cisneros, 1999; Yang et al., 1999).
Using this method the arable territory of Bulgaria was devided into five
clusters based on the differences of their spectral reflections. Following the
classification, a cluster analysis was conducted, which extracts the mean
NDVI values for each 10-day for every cluster separately. Using that
information NDVI time-series profiles of the five clusters were created for
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the period January 01 — December 31, for each year (2007, 2008 and 2010).
The crop identification process was accomplished using a summary table
derived from the agro-phenological montly bulletins of National Institute of
Meteorology and Hydrology at Bulgarian Academy of Sciences (NIMH-
BAS) at the following web site - http://www.meteo.bg/, where information
for the specific growth stages (phenophase), agro-technical theatments
throughtout the growing season and some experienced anomaly events for
each 10-day is given. Monitoring of these three years for every 10-day
period was initiated using SPOT-VGT NDVIs S10 product in order to
investigate its capabilities to detect anomaly events. The data absolutely
corresponds to the temporal resolution of the satellite data that was used.
The time-series profiles were interpreted and the major crops were identified
using the ground data summarized in the table for each 10-day period The
table includes the phonological stage and stage of deleopment for every 10-
day periods of the year, information on the agronomical practices that are
applied on the crops and if any anomaly events have accured during this
period (Table 1). There is an example of crop growth stages for cereals:
sowing, seedling growth, tillering, stem elongation, flowering, grain-filling
periods (milk and dough development), ripening and harvest.

Table 1. NIMH-BAS agro-phenology summary table with an interpretation key

Mecey
W Anyapw Sespyapu Mapt Anpun Mai HiHm Knm Apryct Cenr. OxTomMopH | -
Tpes | aa 3 T | Nuncana Cynoepeme | fopewon | Tonaosa T
nepoguT | Banewmenpan | eanesu Gneanog | or Cesepwa, Zapenbovasawo | samewmk-npes | npesman o CRIOHE JDpactwano
ebdln Ha RHYAPH 0 HopmaTa. Mgea 1o | Lewip, L} L] anLbos spame. 1 upeme HamAEHHE
25-27)ce | npeanvpeMTe | BaAEmA R Watouna (ceuepanatasem | Had U EIeE | B g LT T ] Witk
3anam ABE CRAMMLM WHTBHIHEHOTO Brnrapus WM PIA0HH 2= | AEMA0BHHA CylwaTa, JanagwaB- | noao WEpnBake
nonowTe | KA despyapM- | CHeroToneMe HOMMNECTEOTO HAGHOPMEHNTE mecey o7 Nocrenekko | 7, PaROHM. Ha 3anacure
g, CRAUECTOEND OFpaHHALRD HAZREERAM wanem (o QAT naep
Tengenp | y mre pA vonwiecTea uan | aeduupmurie | e coactaen | menn
nnnnn sandcute ot 28 HOPMANHE macay, govaten | 120-1501/m2 jn | sanscureor npagyeTn | o
BCEMHD- Bnaraenowsata | npoeswgavena | Wwoss Bwarapen | rpagywemre, BNAraBNOYBaTA | aTaanara NOYBEHOTO | MEPONPHAT | MOYSEHM
ammmoto | (MNBL Mpes CEITHHMTE " BETPORE = WETH Hamosna n ) choese
wnaronatp | mepuogs 1- 5 W sacT o1 i Vexopes: Wik
yrimine. A pp— Ewarapn, B pasRRT nee
Ofiunmm MECTa nafKasa HPan Ha MECeya me | HaBneopaea
[ETIETN ofinim BENPENATCTES sanencn e egna Y HTHBHATA WMEALACHA | X3
BenefctEn | manewsy, | W peepr— 3 13-18 I/m2, koero | p KyATypR,
RAEIRRARAM B | A30THO #nog S0%ar OTAEAHMMACTI | XOPMIOHTH. nn@e

HagHopM | CesspHa M NOAXPEHESHE HE | MECEYHETE HA I0HA OQuennsase | senewiyun | oowasa, 1o | Ha Pasrpag,

i EHMTE Hnosa ELEHHMLMTE W HOpMa. 1-WMCHM | ConmimeTpoanTe | Buarapus MO Yped M OBOWNKM]. | yCHODH Xacwono M
TORAMHMM | Bwarapaa MPOBEHAMHETO taupa na NN\, 2 noupeik chocae. | [HiocTesgua, HancApake, | 13 nocaeguate | Hapnas. 2
yenosin | mecewsurs HA MEXBHWSHDAHK | Ranewm HpMTHUHO HHCKW | XBckoRa, Masrn RESMUMTHE | £TANH HA Mpogykrses
npesnpes | kopue (Hag 79- | nowsoofpaBatk. | noswexs (or43 poS8%or | Wepasanu)Be | YHHIWOMEH | NoMBEHA PAIBHTHE A Bnara
nbpeaTo 1421/m2 Hal7.03. CTORMOCTHTE HA TINE), npi Skmeise | RouTH WNPONETHH | M 1l OHOAD W
AncataHe | [Macnooo 142 AUBEHATE 8085 %0TNNB. | nocemuTe HIMERNaND. myATYRH Ha | KpWtiase | semedences | nog
BHE H3 fm2, M B 3- mankor BCT np jan MECTAMPH | CHETORHWE | TEXYATYPM. | HPWMTH4HMTE
meceya- | Wepmeanu 79 | cTpaHatacanap | sanemw faza HA HENGNWESH | HA Uapesuua— | rpanmig. 1-
cronngaH | Ifm2, Mnoaaua | B5-20%oTNNB.8B | gosenoea no WIKNACARAHE, - IEMBENCKUTE | 8. MpORETHI openposheH (3
eHa 47 lfm2, HEHENOTO Ha PRIHD BANEMNTE OTH H HYATYRH - nochana | Mposewgan
chemnita | Bnaroeorpag 46 | npeaeTHMA CHUMATEHE HA Grxa obnnmm w e chang " Gu wenocLa | erend
nokpeska | Lm2, BEFETALMOHEH MPOAYKTHEHATE | NOBCEMECTHA, 3+ PyAHERD, ) WHCHWTE— | BCEHHATA
B Nazapgemn 42 | nepwog sanacwre | enara [Qywascka | pasko NoHumenuere | W= 1- ELETEY ceuTheta
pagianar | 1im2, Crnaen ot il peaoct, WAMITAHHA 0
e 401 m2, Bugmn | mrarae Kmunre NNEsnosvara, 3- | sanack 8 Kpas Ha Ha Ypmnane NAKIHHIHE
........... 2 im nesaTnE naliauul Haid. saarnaanacu e us warans wawnikas | wswmwhas | wscouners | aueras
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Results and discussions
Cluster analisys

The following crops were identified for each cluster from (1-5) using
as reference the summarized agro-phenological information and the cluster
analysis: 1) mixed crops 2) winter wheat 3) winter barley 4) sunflower, and
5) maize.

Figures representing the spatial distribution of the cluster classes together
with time-series profiles for the anomaly years (2007, 2008 and 2010) were
prepared.

Analysis of 2007

The year 2007 was characterized as anomalous as the winter crops at
the beginning of the year were ahead of their development by 45 days. In
March they were already in heading phenophase. In May caused by bad
agrometeorological conditions shortening of the phenophase periods were
observed and as a result the collected yield from both winter crops and
spring crops were small. The harvest of the late cultivars of maize was
delayed due to intensive fainfall in the beginning of September.
The cluster map of actual NDVI values shows the spatial distribution of the
identified crops. The classes’ winter wheat and winter barley are distributed
in the most common for them areas: Dobrudja plain and Upper-Tracian
valley. The classes’ sunflower and maize are distributed in the west part of
the Danube plain (Figure 2a). Classes that were identified as winter wheat
and winter barley were clearly separated, because since the first decade the
NDVI values were above 0.38, which was a clear indication for winter crops
(Figure2b). The cultivars of winter wheat and winter barley reach their mean
maximum NDVI values (0.67 and 0.63 respectively) at the end of April and
at the middle of May when flowering and grain filling phenophases occur,
and this corresponds to the information summarized from NIMH-BAS
monthly bulletins. Winter wheat and winter barley are harvested during the
first decade of June, and this can be observed in the time-series profiles
where the NDVI values decreese to 0.35. Sunflower and maize cultivars
reach their peak of NDVI values in June (0.69 and 0.78, respectively) when
they are at flowering phenophase (Figure 2b).
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Fig. 2. a) Cluster map of actual NDVI values for 2007 b) NDVI cluster time-series
profiles for 2007
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Analysis of 2008

The year 2008 was characterized as anomalous year in terms of
favourable agrometeorological conditions and in-time conducted
agrotechnical procedures, which is having great impact on the achieved
yield values.
The cluster map (Figure 3a) shows that the class mixed crops was situated in
the northeast part of the country, whereas the cultivars of winter crops
(winter wheat and winter barley) were located in the central north parts of
Bulgaria.
The time-series profiles of the winter crops reflects very precisely the late
onset of the tillering and heading phenophases, at the beginning of March
due to the late snow melt reported in the NIMH-BAS monthly bulletins. The
cultivars of winter wheat and winter barley reach their mean maximum
NDVI figures at the end of May with very high values (0.81 and 0.76,
respectively). Meanwhile, classes’ sunflower and maize reach their peak of
NDVI in June with exceptionally high values (0.77 and 0.85, respectively).
This high NDVI values for the year 2008 corresponds to the official
statistics where highest yields have been reached for the last 20 years
(Figure 3b).
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Fig. 3. a) Cluster map of actual NDVI values for 2008; b) NDVI cluster time-series
profiles for 2008

Analysis of 2010

The agrometeorological conditions in 2010 regarding the crop
condition can be summarized as unfavourable, which causes delay of the
harvest and has negative impact on the achieved crop quality and yield
figures.
The cluster map (Figure 4a) shows that classes’ winter wheat and winter
barley are located in Dobrudja plain and the Danube valley, as well as in the
South-East part of Bulgaria (upper-Tracian plain), while sunflower and
maize cultivars are distributed in western part of Danube plain. The NDVI
values for every class in the beginning of the year experience a slight
increase than usuall due to the favourable conditions — high temperatures for
January, which keeps the vegetative state of the winter crops. In the middle
of the month the temperatures decreese rapidly, which returns the crops to
dormancy. Nevertheless, this anomalies were clearly identified using the
NDVI time-series profiles. It is recognizable from the time-series profiles
that winter crops renew their vegetative stage with NDVI values between
0.35-0.43. They reach their mean maximum NDVI values in May and at the
begining of June when they are in grain filling and ripening phenophases,
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while at the beginning of June winter barley is at maturity stage with NDVI
values 0.69. In the end of June and July the spring crops (sunflower and
maize) reach their mean maximum NDVI values accumulating to 0.75 and
0.74, respectively (Figure 4b).
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Fig. 4. a) Cluster map of actual NDVI values for 2010; b) NDVI cluster time-series
profiles for 2010
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Conclusions

The possiblity of identifying and monitoring the development of the
major cultivated crops on the arable territory of Bulgaria using data from
low spatial resolution satellite images from SPOT-Vegetation NDVIs S10
product combined with well organized ground data from NIMH-BAS was
investigated in this paper. The applied methodology proves that the low
resolution satellite images are an ideal solution for crop identification and
monitoring on large arable territories; however they must always be
supported by and used in combination with agro-phenological ground data.
The monitoring analysis using cluster maps and time-series data from
SPOT-VGT NDVIs S10 product shows great potential to follow the
development of crop cultivars throught out the year. Using the agro-
phenological monthly bulletins from NIMH-BAS together with the low
resolution satellite images can be used operationally for detecting anomaly
events as well as monitoring crop condition and development.
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MOHUTOPHUHI" HA BEMEJEJICKUTE KYJITYPU 10 BPEMEBU
CEPUU OT BETETAHMOHEH INPOAYKT SPOT-VGT NDVIs S10
BBPXY OBPABOTBAEMATA TEPUTOPUS HA P. BBJITAPUS

B. Bacunee

Pe3rome

OOexThT Ha H3CIEABaHE B HACTOsIATa CTaTUs ca OCHOBHUTE 3a
beirapus 3emenencku KyiaTypu (3MMHa TIIICHWIA, 3HMEH CUEMHK,
CIIBHYOTJIC/T ¥ LIaPEBUIIA), a IeTa € Jla ce M3BbPIIAT CICAHUTE 3amaqn: 1)
UACHTUGHUIIMPAaHE HAa OCHOBHHMTE 3a bbiarapus 3emenescku KylaTypu 4dpes
NpUiIaraHeTo Ha CIIBTHUKOB NPOAYKT C HHUCKa IPOCTPAHCTBEHA
paznenutenna crocoonoct or 1000 m. ot SPOT-Vegetation NDVIs S10 ¢
NoMoIITa Ha WHPOPMAIHSA OT MECEYHUTE arpoMeTeOPOJIOTUIHU OFOJICTHHU
Ha Hanmonannus HWuctutyr mo Mereoponorus u  XuIpojaorus KbM
bwiarapckara Axagemus nHa Haykure (HUMX-BAH); 2) mpoBexnane Ha
moHutopuHr no NDVI BpemeBu cepuu oT gaHHu oT npoaykr SPOT-
Vegetation NDVIs S10 3a kanenmapuute 2007, 2008, 2010 roaunu, KOUTO
Ce CUMTAT 32 AHOMAJIHU 110 CBOUTE arpOMETEOPOIOTUYHU YCIOBHS, ChACHKU
no meceunute OronernHn Ha HUMX-BAH. Hacrosimara cratust mokassa
OTPOMHMSI ITOTEHIMAJ IIPU U3MOI3BAaHETO HAa CITbTHUKOBH MTPOAYKTH C HUCKA
IIPOCTPAHCTBEHA pa3JeUTeIHa CHOCOOHOCT MpH HUACHTU(DULHPAHETO U
MOHUTOPHHT PAa3BUTHETO HA 3eMEEIICKUTE KyJITypU BbpXy 00paboTBaemara
teputopus Ha bbirapus. ToBa n3cienBaHe 1ie JONPHUHECE C MPUIATAHETO
Ha JRC MARS mertononorusita 3a MOHUTOPUHT Ha 3eMEJEIICKUTE KYITYPU B
bearapust.
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