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Abstract: Winter wheat is one kind of important crop in Chitigs planting area is one key element to
explain yield change. To obtain winter wheat plagtiarea as soon as possible can provide scientific
reference for our country’s making related poliBasing on the cropping system in Shandong province,
winter wheat is divided into two kinds “winter whesowed by machine-maize” and “people broadcast
winter wheat-rice”. Using MODIS data, NDVI charasteof winter wheat, garlic, greenhouse vegetable,
from sowing till overwintering stage were analyz&dgether with NDVI characters of former stubbleps

in middle September, extracting requirements weteup for winter wheat planting area which was sbwe
by machine this year. In view of the spectrum sanity between rice wheat and greenhouse vegetednie f
sowing stage till overwintering stage, rice whelainfing area of former year was extracted relyingttoe
character of biomass rapid growth at jointing staecause of the “people broadcast winter wheat-rice
cropping system is very fixed in Shandong provirtben the rice wheat planting area of former year c
take the place of the rice wheat planting areayha. Two kinds of winter wheat area were mergeu
tested by 284 groups of located spots data, theracyg reached 94.01%. The result showed thafé@isible

to extract winter wheat area before overwinteritags, and the time is 4 months earlier than usinging
stage NDVI.

Key words: Shandong province; winter wheat; rice wheat; areapte sensing

1 Introduction

Shandong Province located in the Huang-Huai Pkithé major winter wheat producing area in Chinhas |
important to grasp winter wheat area timely andueately for the country's food security. In the tpaginter
wheat area mainly relied on primary agriculturadguction sectors’ artificial survey and then statsslevel by
level. Limited resources and subjectivity led t@pdata, which brought some impact to governmedgtsision
on agriculture production. With the developmensa&nce and technology, In 1980s, remote sensitg ha
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become one tool of agriculture resource investigaéind crop growth monitoring with characters offagfing
data objectively, accurately and timely [1].The Keyextract winter wheat area is the data resoarntk the
choice of phase. In 1990s, using NOAA satellitead®daoxin Wang set up regression equation of wiwegat
area and the pixel number whose NDVI (Normal Défeial Vegetation Index) difference between Novembe
and October was greater than zero [2]. A large [atiom but less land area, complex cropping syseth
NOAA satellite data’s lower spatial resolution riésd that the extracting accuracy of winter wheaswot high.

In the 21st century, with the food strategy advameet, some regions extracted winter wheat area TWthand
spot data [3, 4] which holds higher spatial resoluthan NOAA data. Extracting methods includedusls
interpretation [5], supervised classification [@hsupervised classification [7, 8] and pure pixinitification
based on spectral library [9]. Although resolutibaing enhanced and data processing technology being
improved have made the accuracy reach over 90%JeWiM data has lower time resolution and easily
influenced by weather, what's more the cost is higan TM data can only be used to invest winteeattareas
of small regions but not large areas.

Compared with NOAA data and TM data, MODIS data higher time and middle spatial resolution. The
data sharing service has made MODIS data be usemnnote sensing monitoring winter wheat more andemo
[10-13]. Yigang Jing set models and extracted wimtbeat area with accuracy of over 91% using the/ND
changes of March, May and June [14]. Jinqgiu Zouagexed area using the EVI (Enhanced Vegetationxinde
difference between May and October, and the eatarwas -0.04% [15]. Wenpeng Lin used NIR, RED, BLU
and ESWIR 4 bands MODIS data of October and Decetobglass 6 kinds of surface features with thehmet
of fuzzy ARTMAP, and the accuracy reached 80.3%.[T6e main method of comparing spectral changes in
the key growth periods after sowing for extractimgter wheat area was used frequently using MODdg d
[17]. Over time, the amount of information incredsand the accuracy enhanced [18-20]. The papéiestone
method with high accuracy to extract winter wheaaaat early periods, combining with the formerbbta
crops based on cropping system in Shandong pravince

2  Data acquisition

Winter wheat is sowed in middle to late OctobeBhandong province, and tillers in early to middiecBmber.
In middle to late October, most vegetables in gneese are transplanted, and grow fast after repti@min
December, and the change of NDVI is similar witlattlof winter wheat, which influences the extracting
accuracy of winter wheat arfi]. Shandong province is also the major produeirgn of garlic. It is sowed in
late September to early October, the growing candis very similar to winter wheat in winter, atitus it is
another important obstacle.

In order to exclude the interferences of greenhamskgarlic, discussion group located 284 sposxokinds
of surface features which included winter wheageghouse vegetable, garlic, village, uncoveredndited,
tree, in Shandong province, in late October, 2@&uvnloaded MOD09Q1 data of the 284 spots of middle
January, middle April, middle September, middle dbetr and middle December, form MODIS data sharing
platform-ftp://e4ftl0lu.ecs.nasa.gov/.



3 Data analysis

3.1 This part analyzed surface features’ NDVI saggence, and set up identification conditions to ex#ct
winter wheat area preliminarily.

We calculated the located spots’ NDVI and the ayeraf middle September, middle October and middle
December for six kinds of surface factures sepbrasad then drew line chart (fig. 1). The NDVI obtton
filed dropped as the season went on, and it wasasito village and tree. Among the three peridtis, NDVI

in September was the highest for winter wheat, rgrease vegetable and garlic, at that time, winteeat filed
and garlic filed are all planted maize, and greeskos still planted vegetable. The gain periogandic is in
late May, which is earlier than winter wheat. Aftgarlic the filed is planted with early mature ngiand the
maize is gained in middle to late September. Whileter wheat is gained in middle June, then thedfils
planted with maize. Winter wheat field’'s maize isfilling period, so the NDVI average 0.71 in middl
September is higher than that of garlic filed. Tillddle October, maize is gained, and winter wheabwed.
Garlic is sowed in late September to early Octobed the time of emergence is earlier than winteeat:
Greenhouse vegetable is transplanted, and groves thsn winter wheat and garlic with good conaisioThus
greenhouse vegetable’s NDVI is higher than gaiéitdfs, and garlic field’s NDVI is higher than wat wheat
field's. In middle December, winter wheat stepititlering stage, and reaches growing peak befdrger.
Garlic's biomass and greenhouse vegetable’s biomthgontinues to increase. So in middle Decemties,
three kinds surface features’ NDVI are all highkart that in middle October, but lower than in mé&ldl
September. According to the analysis above alllirpirgary identification conditions were set up tatract
winter wheat area: NDVihigdie september” NDVI middie pecember> NDVI middie october @Nd NDVI migdie september”0.5
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06 L —--—- greenhouse vegetable
s 0.5 —a—garlic
O 04 r
zZ
03 r —x—tree
0.2 -
—x—cotton
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September October Decembe:
month

Fig. 1NDVI line chart of 6 kinds of surface featurestie three periods

3.2 Test on identification result

Used the identification conditions to extract wimieheat area, and tested the result with 284 grofijpecated
spots’ data (table 1).



Table 1. The test results checklist

The number of The number of spots  The number of spots
Surface features ) Wrong test reasons
spots to be testedtested to be Winter Wheat tested to be others

7 mixed pixels

winter wheat 161 138 23 .

16 rice wheat

cotton 24 0 24 e

greenhouse ) .
31 3 28 mixed pixels

vegetable

garlic 11 3 8 mixed pixels
tree 26 1 25 mixed pixel
village 31 3 28 mixed pixels
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Fig. 2 Spots of rice wheat tested to be others
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Fig. 3 Mixed pixel of winter wheat tested to be others



The result was listed in table 1. Among 284 locatpdts, 23 winter wheat spots were identified tatheer
surface features. 10 other surface features spars identified to be winter wheat, which includedrdenhouse
vegetable spots, 3 garlic spots, 1 tree spot anifle®je spots. Imported the 284 groups of locatedts into
ENVI, and inspected one by one, then discoverettiigawrong identifications can be divided into tiwods of
situations: one was located spots were mixed piaklsinter wheat with greenhouse vegetable, gatiles or
village (fig. 2); the other was rice wheat spotsravaentified to be other surface features (fig. 8)large
population but less land area and complex croppygiem in Shandong province make the phenomenon of
mixed pixels inevitable. Rice wheat was not ideatif showed the identification conditions didn'ntain rice
wheat information. Only extracted “winter wheat sgwby machine-maize” area, so the main task rerdaine
was to extract “people broadcast winter wheat-ran&a.

3.3 The extraction of rice wheat area

Calculated 16 rice wheat spots’ average NDVI of3hgeriods, compared with common winter wheat. i§<tf
figb showed, in September, rice is growing in ndeeat field, and maize is growing in winter whaatd, and
the NDVI of rice is lower than that of maize. Inddle October rice is gained, and rice wheat isedoil stage
which was broadcasted not long ago, whose NDVigbdr than normal wheat. What's more rice whedtfie
has adequate water supply, so rice wheat growimgliton is better than normal winter wheat till rdid
December. During the analyzing progress, narrowiy/| threshold of the 3 periods was tried to extrace
wheat area, but failed for the NDVI similarity bet@n rice wheat and greenhouse vegetable.

Winter wheat goes into overwintering stage In Japuand jointing stage in April, growing conditiaa
influenced by air temperature; rice wheat and normater wheat are similar to each other. So passible to
extract all winter wheat area depending on NDV1 fasreasing over the period from middle Januaryntddle
April, that is to say, from overwintering stagejomting stag. This method is popular now.
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Fig. 4 NDVI line chart of rice wheat, normal winter whegteenhouse vegetable in the three periods



Winter wheat sowed by machine people broadcast rice wheat

Fig. 5 Winter wheat sowed by machine and people broasdgastr rice wheat in middle to late October

Affected by geographical environment and climateedple broadcast winter wheat-rice” is one common
cropping system in Yellow River Basin and the SeuthFour Lakes rim, so the rice wheat field is treédy
fixed. According to Statistical Yearbook, vectoagh of rice planting region was set up in Shandmayince
with the help of ARCVIEW. The normal winter wheata which has been extracted with data of middle
September, middle October, middle December was ddde The rice wheat area extracting conditionsewer
set up, (NDVI middle April - NDVI middle January) .19, NDVI middle January > 0.3, and NDVI middle
September >0.5, using the data of 2008. In ENVIW&% masked, and among rice wheat field vectooregi
rice wheat area was extracted of 2007-2008, whiehrevnamed S2 (fig. 6). The 16 rice wheat locataatssp
were all extracted successfully.
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Fig. 6 The extracted area of rice wheat of 2007-2008



3.4  The extraction of all winter wheat

The two parts S1 and S2 of winter wheat were mengldth contained the normal winter wheat areaaexéd
with the data of September, October, and Decen®8$3, and the rice wheat area extracted with tha of
January, April, and September, 2008. The totalevimtheat area of 2008-2009 was 4480666.67 hmzddxst
the located spots’ data the accuracy was 94.01%ffig

Fig. 7 The extracted area of winter wheat of Shandongipcevof 2008-2009

4 Result and discussion

Winter wheat in Shandong province can be dividad iwo kinds from a cropping system point of view,
“mechanical sowing winter wheat-maize” and “peobteadcast winter wheat-rice”. The paper studied NDV
characters of winter wheat, garlic and greenhogggetable from seeding time October to overwintestape
December. The study showed that 3 kinds of surfaatires’ NDVI changing tendencies are similar acte
other, and it is difficult to extract winter wheatea. Together with the difference of the previoup’'s NDVI,
the normal winter wheat of “mechanical sowing winteheat-maize” was extracted. But the rice wheatVND
of “people broadcast winter wheat-rice” is simitargreenhouse vegetable NDVI, so it is impossiblextract
rice wheat area just depending on the change of INB&sed on the special growing environment of viteat,
rice plant region vector in Shandong province wetsup. Among this region, rice wheat area of thevipus
year was extracted using the fast NDVI increageiating stage than overwintering stage. The twdgwinter
wheat area were added up, and got the total adeteibecember.

This study used middle spatial resolution and higte resolution MODIS data to settle the interfeemf
garlic and greenhouse vegetable to winter wheat exéracting in Shandong province. The extractimg twas
4 months in advance than using jointing stage NBhAracter[21,22], and the accuracy reached 94.84%e
method can meet the demand of large area.

Natural environment decides cropping system, wihigeimprovement of agricultural production techigylo
and many other economical factors’ all influence teform of cropping system. So using the previmas rice
wheat area to take the place of the current yelrafiect the accuracy of total winter wheat artafuture
research, rice field’s spectrum should be studied, assisted with NDVI change character of riceavtieom



seeding to overwintering stage to extract rice wrerea, in order to enhance the total winter wterata

extraction accuracy.
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