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Abstract: T h is paper in troduces the m ethodo logy of in tegrat ing G IS and TM data fo r est im ating the early rice

p lan ted area. It overcom es stat ic disadvan tage of G IS and enhance the classificat ion resu lts of TM im age. L and use

m ap and tow n boundary m ap w ere digit ized then transferred to raster fo rm at and opened in ENV I im age analysis

system. TM im age, land use m ap and tow n boundaries m ap w ere registered to the sam e p ro ject ion. U tilizing of

m ask u tility, the study area, every land using type and every tow n TM im ages w ere estab lished. Supervised and

unsupervised im age classificat ion w ere app lied to the study area TM im age and to the paddy field TM im age. A nd

the early rice areas w ere calcu lated by each m ethod. U sing the p ropo sed m ethodo logy imp roved the quan tita t ive

accu racy of early rice area est im ated up to 93. 98% , w hereas it w as 82. 83% w hen im age classificat ion w as used

on ly. T he ex tracted info rm ation from the classificat ion is belonging to the early rice and no t to any o ther

vegetat ion. Since the G IS database is availab le, the m ethod is easily app licab le to any new R S im ages.
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1　Back Ground

R ice is an im po rtan t cerea l crop and is

cu lt iva ted in ex ten sive areas in m any coun tries[ 1 ].

It is one of the m o st im po rtan t cerea l crop s in

Ch ina. E st im at ion of cu lt iva ted area con tribu tes

d irect ly in yield fo recast ing w h ich m ay very help fu l

in decision2m ak ing on p lan t ing, m arket ing and

tran spo rta t ion requ irem en ts.

R em o te sen sing techn iques are ex ten sively

u sed fo r the iden t if ica t ion of land u sage and land

cover over la rge area. Sa tellite based on rem o te

sen sing techn iques cou ld be effect ively u sed in

est im at ing the crop area and accu ra te assessm en t of

the dynam ic crop characterist ic. By visua lly and

dig ita lly TM im age analysis to est im ate the rice

cu lt iva ted area, the accu racy classif ica t ion w as

over 90% [ 2 ]. T he band com b ina t ion of 1, 3, 4 and

5 w as selected as an app rop ria te sub set in the

d ig ita l ana lysis fo r the est im at ion of the cu lt iva ted

of rice area. R ice2cu lt iva ted area in the p la in rice

cu lt iva t ion area w as est im ated by the com p rehen s2

ive visua l in terp reta t ion of TM im age. T he accu r2

acy of quat ita t ive in terp reta t ion w as 93. 9% [ 3 ].

Stepw ise classif ier w as app lied to TM data to

est im ate the rice area cu lt iva t ion in the p la in

reg ion. T he accu racy of 97. 04% w as ob ta ined [ 4 ].

T here is an increasing in terest on in troducing

G IS and m u lt i2tem po ra l info rm at ion in to system s

fo r agricu ltu ra l eva lua t ion pu rpo se. Jan ssen et a l[ 5 ]

ob served an im p rovem en t of m o re than 12% in

overa ll classif ica t ion accu racy of agricu ltu ra l f ields

w hen in tegra t ing topograph ica l da ta from G IS in to

landsa t TM classif ica t ion. M iddelkoop and

Jan ssen [ 6 ] included tem po ra l and expert

rela t ion sh ip s in their expert classif ica t ion system

and ob served an im p rovem en t over the trad it iona l

classif ica t ion, m ain ly in areas w here there w ere

h igh spectra l overlap s am ong classes.

T h is paper w ill in t roduce the a lterna t ive

m ethod tha t in tegra tes G IS and TM data to

increase the classif ica t ion p recision fo r accu ra te

est im at ion of early rice p lan ted area. T he loca t ion

of paddy field w as defined by G IS. T he tem po ra l
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info rm at ion abou t the early rice in a specif ic t im e in

th is area w as ex tracted by R S.

2　M a ter ia ls and M ethods

2. 1　Study Area

L ongyou Coun ty is selected as study area. It

is geography loca ted a t 119°02′E to 119°20′E and

from 28°44′N to 29°17′N w ith east w est w id th of

29. 37 km and no rth sou th w id th of 61. 50 km. It

covers abou t 1138. 72 km 2. T he reg iona l terra in

belongs to h ill and basin reg ion of m iddle Zhejiang,

h igh land zone in the no rth and sou th, low land in

the m iddle. T he m iddle area a long Q u jiang R iver is

the fla t p la in. T he area is characterized by m id

trop ica l clim ate w ith an annual average tem pera t2

u re of 17. 3℃, and annual p recip ita t ion of 1631. 7

mm.

2. 2　M a ter ia ls

R S D ata: TM data fo r the study area w as

acqu ired on Jun 5, 1997 co rresponding to the early

rice p lan t ing season (boo t ing stage).

G IS D ata: L ongyou 1∶50000 land u se m ap in

1997 p rovided by L ongyou Coun ty L and U se

Bu reau.

Sta t ist ica l D ata: A gricu ltu re sta t ist ica l repo rt

fo r the study area in 1997 w as p rovided by

L ongyou Sta t ist ica l Bu reau.

2. 3　M ethodology

T he land u se m ap w as dig it ized in fou r layers

as land u se, tow n boundaries, st ream s and road

and their coverages w ere estab lished in A rcö Info

7. 1. 2 w o rk sta t ion version. T hen land u se cover2

age and the tow n coverage w ere po lygrided in to

30 m by 30 m p ixel size u sing po lygrid comm and.

U sing the funct ion of GR ID IM A GE in A rcö Info

the landu se raster da ta w ere ob ta ined.

A t the ENV I im age analysis system ,

reg ist ra t ion of im age versu s land u se m ap and tow n

boundaries m ap w as done and tran sfo rm ed to

U TM (U n iversa l T ran sverse M erca to r) p ro ject ion

a t 1∶50000 sca le. T he best th ree2band com b ina t i2

on selected by u sing the Op tim um Index Facto r

(O IF ). T he com b ina t ion 1ö 4ö 5 (O IF = 45. 590)

w as u sed to perfo rm all the classif ica t ion m ethods

in th is research. T he raster land u se m ap and tow n

boundaries m ap w ere reg istered in to the sam e

p ro ject ion like TM im age. U tilizing from m ask

u t ility in ENV I. T he m ask of the study area w as

bu ilt. T hen it w as u sed to ex tract the TM study

area im age (ca lled L ongyou TM im age). T he m ask

of paddy field w as a lso bu ilt. Com b ined w ith TM

data, the TM im age of paddy field (ca lled paddy

TM im age ) w as crea ted. IsoD ata U n supervised

and para llilep iped and m ax im um likelihood superv2

ised classif ica t ion w ere app lied to L ongyou TM

im age and the area of early rice w as ca lcu la ted.

T hen the paddy TM im age w as classif ied by para l2

lilep iped. A nd m ax im um likelihood supervised

classif ica t ion and the early rice area w as a lso

ex tracted.

3　Result and D iscuss ion

3. 1　Area Estima tion by TM Da ta

IsoD ata U n supervised classif ica t ion m ethod

app lied to L ongyou TM im age. It ju st classif ied

the land u se type in to fou r types as w ater bodies,

fo rest, p lan ted area and unp lan ted areas w ith

48. 6351, 641. 2833, 264. 9744, 201. 6387 km 2,

con sequen t ly. Com paring w ith the area ca lcu la ted

from land u se m ap , the w ater bodies and fo rest

accu racies w ere 45. 49% and 131. 01% , con sequen2

t ly. T h is resu lt ind ica tes tha t the un supervised

classif ica t ion is very poo r m ethod fo r crop area

est im at ion.

Tw o supervised classif ica t ion m ethods,

para llelep iped and m ax im um likelihood, w ere u sed

to classify L ongyou TM im age. T hey classif ied the

land u se type in to seven classes as early rice,

cropped area, fo rest, garden, unp lan ted area,

u rban and w ater bodies. Para llelep iped m ethod

w as bet ter than the m ax im um likelihood. T he

quan t ita t ive accu racy w as 82. 83% and 59. 95% ,

con sequen t ly (T ab. 1).

3. 2　Area Estima tion by In tegra tion of GIS and

TM Da ta

A lthough the quan t ita t ive resu lts of the
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para llelep iped classif ica t ion ( u sing L ongyou TM

data on ly ) seem ed good bu t it is d iff icu lt to

guara tee tha t the resu lts ob ta ined is rea lly

belonging to the early rice and no t to ano ther

vegeta t ion type. To exp ress the idea, the m ask of

early rice ob ta ined from the classif ica t ion w as

bu ilt. It u sed w ith m ask s of each tow n to ca lcu la te

the area of early rice in each tow n. T he resu lts

w ere com pared w ith the sta t ist ica l resu lts. R esu lts

show ed m iss2classif ica t ion in som e tow n s and over2

classif ica t ion in som e o ther tow n s. Tow n s loca ted

in the p la in area w ere m iss2classif ied (qua t ita t ive

accu racy w as 65. 89% ) , w here as tow n s loca ted in

the m oun ta in area w ere over2classif ied (qua t ita t ive

accu racy w as 150. 32% ). Fo r exam p le, the

ex tracted early rice area in X iaonanhai tow n w as

m iss2classif ied w ith erro r - 47. 67% , w hereas

over2classif ied in L in shan tow n w here the erro r

w as + 104. 91%. T h is m akes the resu lts of th is

classif ica t ion doub tfu l (T ab. 2).

Tab. 1　Quan tita tive results of para llelep iped and max im um l ikel ihood classif ica tion of L ongyou TM image

L and use type
Parallelep iped

P ixels ö 30 m×30 m A rea ö km 2 A ccuracy ö %

M axim um likelihood

P ixels ö 30 m×30 m A rea ö km 2 A ccuracy ö %

Early rice 145666 131. 0994 82. 85 105381 94. 8429 59. 94

C ropped area 19272 17. 3448 — 160866 144. 7794 —
Fo rest 673652 606. 2868 123. 86 547108 492. 3972 100. 60

Garden 146868 132. 1812 187. 42 304481 274. 0329 388. 56

U np lan ted area 240246 216. 2214 — 56496 50. 8464 —
U rban 14210 12. 7890 26. 453 64707 58. 2363 120. 46

W ater 45120 40. 6080 183. 54 45996 41. 3964 187. 10

To tal 1285034 1156. 5306 — 1285035 1156. 5315 —

Tab. 2　Qual ita tive results of early r ice area der ived by para llelep iped cla ssif ica tion in L ongyou and paddy TM image

Tow n nam e
Statist ical

data ö km 2

L ongyou TM im age (TM only)

A rea ö km 2 A ccuracy ö % E rro r ö %

Paddy TM im age (G IS & TM )

A rea ö km 2 A ccuracy ö % E rro r ö %

P lain

area

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

Zhanjia 12. 9793 10. 5705 81. 44 - 18. 56 13. 3758 103. 05 + 3. 05

H engshan 12. 6000 6. 0129 47. 72 - 52. 28 11. 9079 94. 51 - 5. 49

D ash i 15. 2273 11. 1258 73. 06 - 26. 94 15. 7923 103. 71 + 3. 71

X iaonanhai 18. 5760 9. 7200 52. 33 - 47. 67 16. 7472 90. 16 - 9. 84

H uzhen 24. 6160 16. 0902 0. 00 - 34. 64 23. 9085 97. 13 - 2. 87

Zhesu i 8. 1600 6. 6195 81. 12 - 18. 88 8. 1162 99. 46 - 0. 54

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

Sh iyuan 3. 5333 2. 4093 68. 19 - 31. 81 3. 5847 101. 45 + 1. 45

To tal p lain area 126. 4952 83. 3526 65. 89 - 34. 11 123. 2802 97. 46 - 2. 54

M ountain

area

X ikou 0. 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 - 13. 24

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

Sh ifu 7. 1667 11. 3769 158. 75 + 58. 75 7. 2531 101. 21 + 1. 21

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 - 5. 72

M iaoxia 2. 6407 2. 3994 90. 86 - 9. 14 0. 9279 35. 14 - 64. 86

M uchen 2. 3600 1. 5021 63. 65 - 36. 35 0. 7479 31. 69 - 68. 31

W ucun 0. 0840 0. 5499 654. 64 + 554. 64 0. 2601 309. 64 + 209. 64

D ajia 0. 3413 0. 6966 204. 10 + 104. 10 0. 3186 93. 35 - 6. 65

To tal mountain area 31. 7447 47. 718 150. 32 + 50. 32 25. 4268 80. 10 - 19. 90

O verall to tal 158. 2399 131. 0706 82. 83 - 17. 17 148. 7070 93. 98 - 6. 02

　 　 Para llelep iped and m ax im um likelihood

supervised classif ica t ion s w ere app lied to paddy

TM im age and the early rice area w ere ex tracted.

T he quan t ita t ive accu racy in th is m ethod w as

enhanced up to 93. 98%. A s w ell as the specia l

accu racy w ere a lso enhanced. Since the early rice is

p lan ted in the paddy fields and the resu lts in th is

m ethod is ex tracted from paddy TM im age, the
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areas con sidered as early rice is rea lly belonging to

early rice and no t to any o ther crop. T he

percen tages of the quat ita t ive accu racy in the p la in

area and in the m oun ta in area w ere enhanced to

97. 46% and 80. 10% , con sequen t ly. T he erro r

percen tage in X iaonanhai tow n and L in shan tow n

as exam p le in the TM im age classif ica t ion m ethod

on ly becam e - 9. 84 and - 5. 72, con sequen t ly

(T ab. 2).

4　Conclusion s

T he in troduced m ethodo logy is p rom ising

m ethod. It enhanced the quan t ita t ive accu racy

from 82. 83% in the TM im age classif ica t ion

m ethod to 93. 98%. It in su red tha t the early rice

area resu lts ex tracted is belonging to the early rice

and no t to the non2early rice and o thers. T he

quat ita t ive accu racy resu lts in the p la in and m oun2

ta in area are 97. 46% and 80. 10% con sequen t ly.

It overcom es the sta t ic w eakness of G IS. G IS

as very help fu l too l to define the loca t ion s w here

early rice ex isted sim p lif ies the ex tract ion of early

rice by rem o te sen sing techn ique. It a lso

overcom es the w eakness of R S and enhances the

accu racy of area est im at ion than to the accu racy

ob ta ined from R S on ly.

T he m ethodo logy is app licab le, repea tab le and

fast, since the G IS database is ava ilab le. It can be

u sed anyt im e w ith new TM data to est im ate the

p lan ted area of o ther rice season.

V egeta t ion ind ices of early rice ob ta ined from

the ex tracted resu lts by th is m ethod can be u sed in

any crop 2m on ito ring m odel o r in yield est im at ion

w ith very low po ssib ility of erro r.
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利用 G IS与 TM 资料集成技术估算龙游县早稻面积

黄敬峰, A hm ad Yagh i, 王人潮
(浙江大学农业遥感与信息技术应用研究所,杭州 310029)

摘　要: 提出利用 G IS 与 TM 资料集成技术估算中国南方丘陵山地早稻种植面积的方法。该方法首先利用A RC ö

IN FO 对土地利用现状图进行数字化,建立拓朴关系后将其转化为栅格,然后进行投影变换,使土地利用现状图、行

政图、TM 数据具有相同的坐标,最后利用土地现状图,提取水田分布图,对水田分布图进行分类估算早稻种植面

积。不同方法比较结果表明:非监督分类法不能用于提取丘陵山区的水稻种植面积;只用 TM 资料估算龙游县早稻

面积,与统计数据相比,平行六面体分类法、最大似然分类法精度分别达到 82. 83%和 59. 95% ;而用 G IS 与 TM 资

料集成技术对水田分布图进行分类估算早稻面积, 平行六面体分类法、最大似然分类法的估算精度分别达到

93. 98%和 60. 65% ,所以利用平行六面体分类法对南方丘陵山地早稻种植面积估算是可行的。

关键词: 地理信息系统; 遥感; 早稻; 面积估算
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