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Table1 Factors considered in crop proportion zoning
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Table 3 Population and sampling size in duster sampling
1 It 7 1 A% Vi1 44 4 Vi ViR 158 14
12 3 1 V2 14 1 VIB 64 6
I3 43 4 V3 64 6 VI 77 7
I I 100 9 V4 100 9 Vi 14
12 49 4 VI v 166 15 IX X1 28 3
113 87 8 V2 5 1 x2 46 4
I 11 61 5 Vi4 73 7 X3 41 4
12 69 6 VI5 28 3 X X1 85 8
1113 166 15 Vie 84 8 X2 64 6
114 40 4 Ut Vil 79 7 X3 68 6
Y 1 203 18 78 7 X4 51 5
V2 133 12 154 14 XI Xl 202 18
V3 131 12 38 3 X2 8 1
V4 36 3 35 3 X3 19 2
Vs 23 2 Vil Vit 57 5 4 3095 282
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Table 4 Sample size used in crop type proportion survey
! % / km
I I1 8970 8052 918 46 5 147.2
12 12788 12625 163 8 5 256
I3 58225 55065 3160 96 3 307.2
I I 13707 7533 6174 96 2 307.2
112 5171 1516 3655 96 3 307.2
13 IR 3113 6085 96 2 307.2
I [ 7663 3321 4342 96 2 307.2
1112 6743 932 5811 96 2 307.2
1113 17460 5676 11784 96 1 307.2
14 3512 422 3090 96 3 307.2
IV V1 17497 1482 16015 96 1 307.2
V2 12490 5487 7003 96 1 307.2
V3 12838 5160 7678 96 1 307.2
V4 225 8007 1128 56 5 179.2
Vs 1972 370 1602 80 5 256
\% Vi 270 20901 1803 90 5 88
V2 1252 814 438 22 5 70 4
V3 59307 53353 5954 96 2 307.2
V4 38292 32910 5382 96 2 307.2
VI Vi1 14813 2176 12637 96 1 307.2
V2 323 100 23 11 5 352
Vi4 6493 2345 4148 96 2 307.2
VI5 2550 121 2429 96 4 307.2
Vi6 978 720 7258 96 1 307.2
Vil U 8936 6803 2133 96 5 307.2
481 6421 2060 96 5 307.2
Vi3 16257 12069 4188 96 2 307.2
3916 325 M1 35 5 112
Viis 354 2773 771 39 5 124. 8
VI Vil 5748 3531 217 96 4 307.2
Vi2 15713 7249 8464 96 1 307.2
VI3 6410 2485 3925 96 2 307.2
Vil 875 1971 5904 96 2 307.2
Vilis 1128 433 M5 35 5 112
IX X1 3311 972 2339 96 4 307.2
X2 4481 414 4067 96 2 307.2
IX3 372 656 3066 96 3 307.2
X X1 %19 2917 6702 96 1 307.2
X2 7052 1805 5247 96 2 307.2
X3 682 1654 5028 96 2 307.2
X4 4704 966 3738 96 3 307.2
Xl XI1 175% 3251 14343 96 1 307.2
X2 223 19 204 10 5 32
XI3 2187 679 1508 75 5 240
488754 292584 196170 3579 1.82 11452. 8
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Fig. 7 Primary sampling unit used for crop type proportion survey
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0.2 % 16= 3.2km,
2% (6, 0. 2%km/ km?, ,
47. 24% (0. 47km/ km?) , ,
0. 4km/ km® , 2% 5 ,
, 0. 2km/ km?,
( ) 5
5 2000
Table 5 Road length and road density of provinces in 2000
/km / km? / (km/ km?) / km [km? / (km/ km?
12825 16380. 14 0.783 27749 100209 2 0.277
84 11519. 3 0.768 102405 381271 5 0.269
4231 6107. 344 0.693 36918 167387. 8 0.221
95610 177234.9 0.539 51378 236262 5 0.217
17124 33852. 25 0.506 43212 206034 4 0.21
67847 153551.5 0.442 10015 51562. 65 0.194
50202 120986. 6 0.415 33973 176168 7 0.193
40266 101461 0.397 89318 481920 4 0.185
60330 165644. 3 0.364 34516 190335 9 0.181
28086 82759. 41 0.339 49928 452366 0.11
52807 156434. 1 0.338 36212 393892 5 0.092
8162 186853.7 0.311 63824 1150730 0. 055
45020 145993.2 0.308 18268 723317 0.025
55389 185399.5 0.299 33484 1640480 0.02
40857 139782.9 0.292 22475 1202440 0.019
0416 211758.6 0.285 1351691 9600000 0.141
(http: / / www. stats. gov. a/ ndsj/zgnj/ 2000/003¢. him) , \
1: 100
. ,
,
.
’ ’ 55
.
,
.
(D , (1
.
, ; (2) ,
(2) .
) (3)
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6 2002
Table 6 Road length and density of Shandong province in 2002
/ km / km / km / km ! %
4450 5 4373.9 4330 8 18. 9 54 27
5591 5591 3666 4 287 5225
3529 3529 3109 9 147. 9 58 &
1925 1 1920. 8 1723 6 115. 2 41 8
4507. 7 4507.7 4507. 7 132. 8 57. 06
6161 6161 3812 3 200. 1 44 4
7476 2 7466.9 4645 8 204. 5 47. 02
5109 1 5109.1 4868 5 145. 6 4775
4350 5 4350.5 3535 1 208. 4 5578
2405 2350.2 1714 8 136 43 73
2171 2317.1 1127. 2 78 5 43 72
1088 7 1088. 7 801 7 97.2 47. 33
4029 8 402. 8 4029 8 25 4 42 L2
3822 4 382.4 3814 142. 7 36 75
3868 5 3868.5 3868 3 111. 8 44 47
7753 2 7753.2 5080 2 205. 6 45 08
5644 5 5644. 5 5559 1 14. 5 46 27
74029. 3 73884.3 60195. 2 2410.7 47 24
R s http: // www. stats— sd gov. en/disp/tjsj. asp? id= 1000000587
5.6 GVG
5.7
2 2
[37]
GVG
s 1. 15 km
o o
2 2 2 N
38
GVG 18
N
GVG GPS, Video  GIS i
1deo i=1 .
| b= "3 j=12 .M (8)
Ai
, GPS "~
i J , @i J
2
’ GIS i GVG A; i GVG
N GVG
M M
GVG )
o 2
° ( 1 ) ? 4
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4kmx 4km
58
, 90
( )
2 2000
GVG , 2000 2001
3 2 , 2002
) 3 , 5
, Skm % Skm
, > 581
> , , GVG
4 :
(121 ) ,
) > 5.82
> , 7
s , 99. 9%, 89. 1%,
, , 94% )
oy 98. 9% 2000 2001
2PiB; ;
P= “5y— j= L2 .M (9) ,2002
Z By 90% ,
P; j , P ) 70% , , 20%
( ) J . Bj
i j , N ,
Table 7 Transaction sampling precise validated from 2000 to 2002
2000 2001 2002
N3 70.0 94 4 8. 3 - - - -
_ - - - 95.9 92.5 - -
- - - - - 100 0 98 9 -
_ - - - 8.1 - 700
%. 0 - 99 9 - 2.4 - -
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Fig. 8 Landsat TM and Radarsat images used for early rice acreage estimation
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8 2003
Table 8 Acreage estimated of early rice
/ hm? /hm?
1 958 220. 46 0. 1758 — 344 255 16
1 679 472.58 0.2256 — 378 889 01
1 035037.82 0.7322 Q0 5315 402 799 77
2 336 754.53 0. 8527 0 5354 1066811 58
1 411 89.50 0. 6861 0 4145 401 525 92
3 111 681.94 0.8197 Q0 5450 1390 101 90
2 103 162.20 0. 6929 0 5691 829 338 67
2 305 49%. 17 0.7878 0 3404 968 117. 20
304 860. 62 0. 6394 0 5508 107 366 28
669 415.20 0.2487 0 1941 32314 46
10 16 915 992. 02 — — 5921519 9%
29 937 519.39 — — 5928 159 10
R ; 10 R 10
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Crop Acreage Estimation Using Two Individual Sampling Frameworks with Stratification

WU Bingfang, LI Qiang-zi
(Institute  Remote Sensing Applications, Chinese A cadany ¢ Sciences, Bejing, 100101  China)

Abstract:  Crop plots are very small in China due to special farn+use rules. Image classification techniques are limited in crop
acreage survey using remote sensing. In this paper, we analyze this problem and provide a substitute methodolagy to estimate
aop acreage.

In this methodology, aop stratification is fundamentd. Proportional of main crop types as well as physical fadors of tempera
ture, precipitation, soil type and sun radiation are considered. There are about 11 strata in China at the first level based on
physical fadors, 44 sraa at the second level based on crop proportion and 102 strata at the third level based on arable land -
tensity.

Two individual sampling frameworks are used. The cluster sampling is used to estimate the proportion of planted area on
arable land with remote sensing data, mostly Landsat and Radarsat data, currently also ENVISAT ASAR data are used. The clus-
ters are defined as a map sheet at a scale of 1: 1: 100 000 ( about 1/ 16 Landsat TM scene) . And images are seleded based on
cluster sample randomly for each crop season. After atmospheric correction, geometric correction non-arable land masking, re-
mately sensed mages are classified by ISODATA unsupevised classification, and then the planted areas are labeled by conside-
ing NDVI value. The planted area proportions are calculated for each straum.

The transect sampling framework is used to estimate the proportions of different crop type within planted area. To identify
the crop proportion of a small parcel, field works should be used since it is impossible to make crop classification with remote
sensing data costeffedively. The transed sampling adually is a two-stage sampling. In the first stage, PSUs are selected ran-
damly on a 4km X 4km area frame. In the second stage, the selected PSUs are sampled only along the road within PSUs, called
transedt line. The sampling works in the field are to take pictures along the road within PSUs with 100 m buffer, and a GVG sys-
tem is designed for this purpose. Proportions of every aop type are calculated for each stratum.

Crop acreages are calculated under the support of current arable database. For every caop type, the planted acreage is the
arable area multiply by planted proportion and crop type proportion of straium.

The estimation of early rice acreage in 2003 in China is presented as a case study. Results show this methodology is feast
ble. This methodology has adopted in China since 1998. And the experience shows that the stratification schema is ficiency,
and the two individual sample franeworks can generae accurae estimation of crop aceage.

Key words: crop propoition; crop type proportion; cluster sampling; transed sampling; remote sensing; crop acreage



