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Abstract: This pgper introduces the methodology of integrating GIS and TM data for estimating the early rice

planted area It overcomes static disadvantage of G IS and enhance the classification resultsof TM image L and use

map and tow n boundary map w ere digitized then transferred to raster format and opened in ENV | mage analysis

systean. TM image, land usemap and tow n boundariesmap w ere registered to the sane projection U tilizing of

mask utility, the study area, every land using type and every town TM imagesw ere established Supervised and

unsupervised mage classification w ere gpplied to the study area TM mage and to the paddy field TM mage A nd

the early rice areasw ere calculated by each method U sing the proposed methodology mproved the quantitative

accuracy of early rice area estimated up to 93 98%, w hereas it was 82 83% when image classification w as used

only. The extracted information from the classification is belonging to the early rice and not to any other

vegetation Since the GIS database is available, themethod is easily applicable to any nev RS images
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1 Back Ground

Rice is an important cereal crop and is
cultivated in extensive areas in many countries”.
It is one of the most mportant cereal crops in
China Estimation of cultivated area contributes
directly in yield forecastingw hich may very helpful
in decisionZnaking on planting, marketing and
trangportation requirenents

Remote sensing techniques are extensively
used for the identification of land usage and land
cover over large area Satellite based on remote
sensing techniques could be effectively used in
estimating the crop area and accurate assessn ent of
the dynamic crop characteristic By visually and
digitally TM image analysis to estimate the rice
cultivated area,
over 90% '?.  The band combination of 1, 3, 4 and
5 was selected as an appropriate subset in the
digital analysis for the estmation of the cultivated

the accuracy classification was
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of rice area RiceZultivated area in the plain rice
cultivation areaw as estimated by the comprehens?
ive visual interpretation of TM image The accur?2
acy of quatitative interpretation was 93 9%
Stepw ise classifier was gplied to TM data to
estinate the rice area cultivation in the plain
region T he accuracy of 97. 04% w as obtained'*’
There is an increasing interest on introducing
GIS and multizemporal inffomation into systems
for agricultural evaluation purpose Janssen et al'®
observed an mprovement of more than 12% in
overall classification accuracy of agricultural fields
w hen integrating topographical data from GIS into
landsat TM  classification M iddelkoop and
Janssen'®  included  temporal  and
relationships in their expert classification system
and observed an mprovanent over the traditional

expert

classification, mainly in areas where there were
high spectral overlaps anong classes

This paper will
method that integrates GIS and TM data to
increase the classification precision for accurate

introduce the alternative

estimation of early rice planted area T he location
of paddy field was defined by GIS The tenporal
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inform ation about the early rice in a ecific time in
this areaw as extracted by RS

2 M aterialsandM ethods

21 Study Area

L ongyou County is selected as study area It
is geography located at 119°02' E to 119°20" E and
from 28°44' N to 29°17' N w ith east w est w idth of
29 37 km and north south width of 61 50 km. It
covers about 1138 72 km?
belongs to hill and basin region of m iddle Zhejiang,
high land zone in the north and south, low land in
themiddle Themiddle areaalongQujiang River is
the flat plain The area is characterized by mid
tropical climatew ith an annual average temperat2
ureof 17 3
mm.

2 2 Materials

RS Data TM data for the study area was
acquired on Jun 5, 1997 corresponding to the early
rice planting season (booting stage).

GISData Longyou 1 50000 land usemap in
1997 provided by Longyou County Land U se
Bureau

Statistical Data: A griculture statistical report
for the study area in 1997 was provided by

The regional terrain

, and annual precipitation of 1631 7

L ongyou Statistical Bureau
2 3 M ethodology

The land use map w as digitized in four layers
as land use,
and their coverages w ere established in A rc Info
7 1 2workstation version Then land use cover2
age and the town coverage were polygrided into
30m by 30m pixel size using polygrid command
U sing the function of GRD MA GE in A rc Info
the landuse raster dataw ere obtained

At the ENVI
registration of image versus land usemap and tow n
boundaries map was done and transformed to
UTM (U niversal TransverseM ercator) projection
at 1 50000 scale The best threezband combinati2
on selected by using the Optimum Index Factor
(OIF). The combination 1 4 5(0 IF= 45 590)

town boundaries, streams and road

mage analysis systam,

was used to perform all the classification methods
in this research The raster land usemap and tow n
boundaries map were registered into the same
projection like TM image U tilizing from mask
utility in ENV | Themask of the study areaw as
built Then it was used to extract the TM study
area mage (calledL ongyou TM image). Themask
of paddy field was also built Combined with TM

data, the TM mage of paddy field (called paddy
TM image) was created
and parallilepiped and maximum likelihood superv2
ised classification were gpplied to Longyou T™

mage and the area of early rice was calculated

Then the paddy TM imagew as classified by paral2
lilepiped And maxmum likelihood supervised
classification and the early rice area was al

IoD ata U nsupervised

extracted

3 Result and D iscussion

3 1 Area Estimation by T™M Data

IsoData U nsupervised classification method
applied to Longyou TM image
the land use type into four types asw ater bodies,
forest, planted area and unplanted areas w ith
48 6351, 641 2833, 264 9744, 201 6387 km?,
consequently. Comparing w ith the area calculated
from land use map, the water bodies and forest
accuraciesw ere 45 49% and 131 01%, consequen?2
tly. This result indicates that the unsupervised
classification is very poor method for crop area

It just classified

estimation

Two classification methods,
parallelepiped and maximum likelihood, w ere used

to classify Longyou TM image T hey classified the

supervised

land use type into seven classes as early rice,
cropped area, forest,
urban and water bodies Parallelepiped method
likelihood The

guantitative accuracy was 82 83% and 59 95%,

garden, unplanted area,

was better than the maximum

consequently (Tab 1).
3 2 Area Estimation by Integration of GIS and
™ Data

A Ithough

the quantitative results of the
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parallelepiped classification (using Longyou TM
data only) seemed good but it is difficult to
guaratee that the
belonging to the early rice and not to another
vegetation type To express the idea, themask of

results obtained is really

early rice obtained from the classification was
built It usedw ith masksof each town to calculate
the area of early rice in each town The results
w ere compared w ith the statistical results Results

show ed m isszlassification in som e tow ns and over2

classification in ome other towns Towns located
in the plain area w ere missXlassified (quatitative
accuracy was 65 89%), w here as tow ns located in
themountain areaw ere overZlassified (quatitative
exanple, the
extracted early rice area in Xiaonanhai town was
missxlassified with error - 47 67%,
overZlassified in L inshan town where the error
was + 104 91%. Thismakes the results of this
classification doubtful (Tab 2).

accuracy was 150 32% ). For

w hereas

Tab 1 Quantitative resultsof parallelepiped and maximum likelihood classif ication of L ongyou TM image

Parallelepiped M aximum likelihood
L and use type - -
Pixels 30mx 30m Area km? Accuracy % Pixels 30mx 30m  Area km? A ccuracy %
Early rice 145666 131 0994 82 85 105381 94 8429 59 94
Cropped area 19272 17 3448 — 160866 144 7794 —
Forest 673652 606 2868 123 86 547108 492 3972 10Q 60
Garden 146868 132 1812 187 42 304481 274 0329 388 56
U nplanted area 240246 216 2214 — 56496 50 8464 —
U rban 14210 12 7890 26 453 64707 58 2363 12Q 46
W ater 45120 40 6080 183 54 45996 41 3964 187 10
Total 1285034 1156 5306 — 1285035 1156 5315 —

Tah 2 Qualitative results of early ricearea der ived by parallelepiped classif ication in L ongyou and paddy TM mage

Statistical Longyou TM image (TM only) Paddy TM image (GIS & TM)
Town nane

data km?> Area km2? Accuracy %  Error % Area km? Accuracy %  Error %

L ongyou 14 9753 11 1528 74 47 - 25 53 12 8628 85 89 - 14 11

Zhanjia 12 9793 1Q 5705 81 44 - 18 56 13 3758 103 05 + 3 05

Hengshan 12 6000 6 0129 4772 - 52 28 11 9079 94 51 - 549

Dashi 15 2273 11 1258 73 06 - 26 94 15 7923 103 71 +371

Plain Xiaonanhai 18 5760 9 7200 52 33 - 47 67 16 7472 90 16 - 984
Huzhen 24 6160 16 0902 Q 00 - 34 64 23 9085 97 13 - 287

area Zhesui 8 1600 6 6195 81 12 - 18 88 8 1162 99 46 - 054
M ohuang 8 1460 5 3028 65 10 - 34 90 8 9559 109 94 + 9 94

L antan 7. 6820 4 3488 56 61 - 43 39 8 0289 104 52 + 4 52

Shiyuan 3 5333 2 4093 68 19 - 3181 3 5847 101 45 + 145

Total plain area 126 4952 83 3526 65 89 - 3411 123 2802 97 46 - 254

Xikou Q 7893 1 8387 232 95 + 132 95 1 0755 136 26 + 36 26

Zhetang 4 3000 1 6542 38 47 - 61 53 3 7305 86 76 - 1324

Guantang 2 2300 6 8202 305 84 + 205 84 2 7180 121 88 + 21 88

L oujia 3 6080 5 3055 147 05 + 47 05 1 8945 52 51 - 47 49

Shifu 7 1667 11 3769 158 75 + 58 75 7 2531 101 21 + 121

M ountain Sheeyang 3 2140 5 3073 165 13 + 65 13 1 7766 55 28 - 44 72
L inshan 5 0107 10 2672 204 91 + 104 91 4 7241 94 28 - 572

area M isoxia 2 6407 2 3994 90 86 - 914 Q 9279 35 14 - 64 86
M uchen 2 3600 1 5021 63 65 - 36 35 Q 7479 31 69 - 68 31
W ucun Q 0840 Q 5499 654 64 + 554 64 Q 2601 309 64 + 209 64

Dajia Q 3413 Q 6966 204 10 + 104 10 Q 3186 93 35 - 665

Total mountain area 31 7447 47718 150 32 + 50 32 25 4268 80 10 - 19 90
Overall total 158 2399 131 0706 82 83 - 17 17 148 7070 93 98 - 602

Parallelepiped and maximum likelihood enhanced up to 93 98%. A swell as the gecial

supervised classifications were applied to paddy
TM mage and the early rice areaw ere extracted

The quantitative accuracy in this method was
© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.

accuracy w ere alo enhanced Since the early rice is
planted in the paddy fields and the results in this

method is extracted from paddy TM image, the
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areas considered as early rice is really belonging to
early rice and not to any other crop. The
percentages of the quatitative accuracy in the plain
area and in the mountain area were enhanced to
97 46% and 8Q 10%, consequently. The error
percentage in Xiaonanhai town and L inshan town
as exanple in the TM mage classification method
only became - 92 84 and - 5 72, consequently
(Tah 2).

4 Conclusions

The introduced methodology
method It enhanced the quantitative accuracy
from 82 83% in the TM image classification
method to 93 98%.
area results extracted is belonging to the early rice
and not to the nonZarly rice and others The
guatitative accuracy results in the plain and moun2

is promising

It insured that the early rice

tain area are 97. 46% and 80 10% consequently.

It overcomes the staticw eaknessof GIS GIS
as very helpful tool to define the locationsw here
early rice existed simplifies the extraction of early
rice by remote sensing techniqgue It als
overcomes the weakness of RS and enhances the
accuracy of area estmation than to the accuracy
obtained from RS only.

Themethodology isapplicable, repeatable and
fast, since the GIS database is available It can be

used anytme with nav TM data to estimate the

GIS TM

planted area of other rice season

V egetation indices of early rice obtained from
the extracted results by thismethod can be used in
any crop2nonitoring model or in yield estimation
w ith very low possibility of error.
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