ISSN 0367-6315
Korean J. Soil Sci. Fert. 45(6), 1194-1202 (2012) H
http://dx.doi.org/10.7745/KJSSF.2012.45.6.1194

RapidEye H&S 028t Seie| = HE 43

1 1 =
Mo - gz’ - o[x|2l' - Lol - 0|FE

Mo

Ofo

(

AR

ful

0[011
o2

FYSANAY BRI, WA ST

r

Estimation of Paddy Field Area in North Korea Using RapidEye Images
Suk Young Hong*, Byoung-Keol Min', Jee-Min Lee', Yihyun Kim, and Kyungdo Lee

Soil and Fertilizer Management Division, National Academy of Agricultural Science (NAAS),
Rural Development Administration

'B&T Solutions

Remotely sensed satellite images can be applied to monitor and obtain land surface information on
inaccessible areas. We classified paddy field area in North Korea based on on-screen digitization with visual
interpretation using 291 RapidEye satellite images covering the whole country. Criteria for paddy field
classification based on RapidEye imagery acquired at different time of rice growth period was defined. Darker
colored fields with regular shape in the images with false color composite from eady May to late June were
detected as rice fields. From early July to late September, it was hard to discriminate rice canopy from other
type of vegetation including upland crops, grass, and forest in the image. Regular form of readjusted rice field
in the plains and uniform texture when compared with surmounding vegetation. Paddy fields classified from
RapidEye imagery were mapped and the areas were calculated by administrative district, province or city.
Sixty six percent of paddy fields (3,521 kmz) were distributed in the west coastal regions including
Pyeongannam-do, Pyeonganbuk-do, and Hwanghaenam-do. The paddy field areas classified from RapidEye
images showed less than 1% of difference from the paddy field areas of North Korea reported by FAO/WFP
(Food and Agriculture Organization/Word Food Programme).
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Table 1. Major rice plains in North Korea.
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k.

Plains Area Mean elevation Locations
(1,000 ha) (m)

JacRyeong 130 20 }J)zesli?l})feong-gun, AnAk-gun HwangHaeNam-do. (JacRyeong River

YeonBaek 115 20~50 YeonAn-gun, BaeCheon-gun, CheongDan-gun HwangHaeNam-do.
ManGyeongDae, RyongSeong-guyeok PyeongYang-si.

PyeongYang 95 30~50 SeungHo-guyeok, JungHwa-gun, GangNam-gun
HwangHaeBuk-do.

AnJu-BakCheon 75 i ?;i;l:gi{,\j;l;;}_lzz'rl-gun, MunDeok-gun, PyeongWon-gun

HamHeung 60 20~50 South coast of HamHeung HamGyeongNam-do.

OnCheon 50 - OnCheon-gun, JeungSan-gun, PyeongAnNam-do. NamPo-si.

RyongCheon 45 20~50 SinUiJu-si, RyongCheon-gun, YeomJu-gun, PyeongAnBuk-do.

GeumYa 40 - GeumYa-gun, GoWon-gun, HamGyeongNam-do.

HwangJu GinDeungBeol 29 20~50 HwangJu-gun, HwangHaeBuk-do.
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Granite, Sandy

Granite, Loamy~Clayey
Sedimentary Rock, Loamy
Limestone, Clayey

Alluvium, Sandy~Coarse Loamy
Colluvial~Alluvial, Loamy~Clayey
Fluvio-maring, Loamy, Clayey
Volcanic Ash, Loamy
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Fig. 1. Distribution of parent material and soil type in
North Korea (1:600,000).

Table 2. Soil types of each province or city in North Korea.
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Rapidyel= % AJoFe] 5719] $14o] al2o] 5,541
F712 st Fe F53H7] dhimel "1t Aol sy
w17l A 2T A Susk RS B

Z A0
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(Unit: ha)

Parent : Sedimen- . . Colluvial Fluvio- )
. Granite Limestone Alluvium ) . Volcanic ash
material tary rock ~alluvial marine
i Sandy~
oil type Loamy~ ancy Loamy~ Loamy,
Sandy Loamy Clayey Coarse Loamy
) ) Clayey Clayey Clayey
Province/City loamy
Gangwon 599,496 27,071 205,982 243,146 10,313 8,132 14,920 0
Gaesung 27,300 89,347 0 0 0 0 11,179 0
Nampo 18,744 0 40,520 6,142 0 936 16,228 0
Naseon 38,471 47,624 0 628 0 0 0 0
Yanggang 726,967 521,739 0 42,807 0 0 0 108,005
Jagang 1,167,718 393,409 0 68,041 25,666 0 0 0
Pyeongnam 414,454 216,787 38,064 405,106 21,796 51,973 13,043 0
Pyeongbuk 657,181 389,160 0 90,329 43411 0 26,780 0
Pyeongyang 43,971 34,682 49,284 94,210 10,280 26,230 6,875 0
Hamnam 1,226,771 412,158 0 117,574 83,980 2,079 1,916 0
Hambuk 1,032,026 314,290 0 115,863 46,526 0 3,981 60,370
Hwangnam 171,034 338,611 157,004 75,675 7,511 23,360 25,072 0
Hwangbuk 64,563 74,853 398,852 179,972 54,153 24,822 16,787 0
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Table 3. RapidEye product specifications (http://www.rapideye.com/products/).

Product Attribute Level 1B Product Level 3A Product

Image File : Image product delivered as a group of Image File : GeoTiff file that contains image data

single-band NITF 2.0 files with associated RPC values and geolocation information
Product Components

and Format Metadata File - XML format metadata file Metadata File — XML format metadata file
Browse Image File & Unusable Data Mask (UDM) Browse Image File & Unusable Data Mask
file — GeoTIFF format (UDM) file — GeoTIFF format
Product Orientation  Spacecraft/sensor orientation Map North up
Pixel spacing 6.5 m S5m
Bit Depth 16bit (Unsigned Integers) 16bit (Unsigned Integers)
Product Size Swath Width 77 km / Length 50 ~ 300 km 25 km (5000 line) x 25 km (5000 column)
Horizontal Datum WGS84 WGS84
Map Projection - UTM
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Table 4. Criteria for paddy field classification using RapidEye imagery in North Korea.

Image

Time

Criteria for paddy field classification

Early May~ late
June

Detect irrigation in rice field before and after transplanting
Detect darker color in the image with false color composite(3:2:1 or 5:3:2)
for rice field delineation

Early July~ late
September

It is hard to discriminate rice canopy from other type of vegetation including
upland crops, grass, and forest in the image

Detect regular form of readjusted rice field in the plains and uniform texture
when compared with surrounding vegetation

Composite the image with 5:3:2 combination, which gives different color and
texture for rice field

Late September~
late October

No vegetation in the rice field after harvest

Detect gray-colored field shape with 5:3:2 false composite

With enough soil water in the paddy field, rice tiller grows and the field
looks green in the images even after harvest

All Periods

Various types of paddy & upland fields and orchard are mixed even in plain
areas. Detect rice field with unique color and uniform texture based on false
color composite of the image

Rice fields are readjusted in many areas but farm road or irrigation ditch are
not widely found
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Fig. 3. Distribution map of paddy fields classified from
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RapidEye @4= o]-&5ko] 7et = £32A| =8} Ao
et HEe HAES 98] FAOQL WFP (the World Food
Programme)©] SGxPE=2 2 WFE3R= “Special Report:
FAO/WFP Crop and Food Security Assessment mission to
the Democratic People’s Republic of Korea” X.I1A]o] 7]AY
l 53ho] A = WA A=} H|wSkRiTt (Table 6),
= BRE St 94 Bl 20109 RapidEye $1/d 9740l
7P Wol S8-E7] wiell 2010 H3EE FAO/WFP &
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Table 5. Paddy area classified from RapidEye satellite images and area statistics for administrative district in North Korea.

. . Paddy field area Ar.ea. stat.istics. . Percentage of

Province/City classified for adrrll)lmstratlve district . the paddy area
KOSTAT 2010 FAO KOSTAT 2010 FAO
km’ km’ %

Gangwon-do 304 11,091 10,975 2.7 2.8
Gaesung-si 132 1,196 11.0
Nampo-si 169 1,142 703 14.8 24.0
Naseon-si 40 945 4.2
Yanggang-do 14 13,880 13,586 0.1 0.1
Jagang-do 69 16,765 15,888 04 04
Pyeongannam-do 968 11,578 11,807 8.4 8.2
Pyeonganbuk-do 1,021 12,680 12,463 8.1 8.2
Pyeongyang 255 1,587 2,712 16.1 9.4
Hamgyeongnam-do 592 18,535 18,680 32 32
Hamgyeongbuk-do 236 15,980 17,964 1.5 1.3
Hwanghaenam-do 1,532 8,450 8,320 18.1 18.4
Hwanghaebuk-do 415 10,505 8,146 4.0 5.1
Total 5,747 123,138 122,440 4.7 4.7

D Statistics Korea Website.

North Korea Statistics (2010), > FAO DPRK Website.
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Table 6. Comparison of paddy field areas classified from RapidEye images and FAO/WFP report published in 2010.

2010 FAO/WFP Percentage of

Province/City Paddy field area classified Paddy field arca FAG/WFP Area
km’ km’ %
Gangwon-do 304 340 89.4
Gaesung-si 132
Nampo-si 169 270 62.6
Naseon-si 40
Yanggang-do 14 20 70.0
Jagang-do 69 70 98.6
Pyeongannam-do 968 830 116.6
Pyeonganbuk-do 1,021 1,010 101.1
Pyeongyang 255 160 159.4
Hamgyeongnam-do 592 600 98.7
Hamgyeongbuk-do 236 250 94.4
Hwanghaenam-do 1,532 1,460 104.9
Hwanghaebuk-do 415 700 59.3
Total 5,747 5,710 100.8

RapidEye /= ©l&sto] #=3t E3He| = WA
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Table 7. Comparison of paddy field areas classified from RapidEye images with the areas classified from Landsat TM and

FAO/WFP report published in 2001.

Paddy field classified from RapidEye

A. Paddy field area B. 2001 FAO/ WFP

Province/City classified from reported
Area % to A % to B Landsat TM' paddy field area
km’ % km’
Gangwon-do 304 117.4 87.6 259 347
Gaesung-si 132 116.8 113.8 113 116
Nampo-si 169 118.2 114.2 143 148
Naseon-si 40 235.3 17
Yanggang-do 14 127.3 73.7 11 19
Jagang-do 69 197.1 98.6 35 70
Pyeongannam-do 968 104.6 100.1 925 967
Pyeonganbuk-do 1,021 121.5 100.9 840 1,012
Pyeongyang 255 89.2 97.0 286 263
Hamgyeongnam-do 592 140.6 100.0 421 592
Hamgyeongbuk-do 236 116.8 96.3 202 245
Hwanghaenam-do 1,532 108.8 104.1 1,408 1,472
Hwanghaebuk-do 415 91.8 88.3 452 470
Total 5,747 112.4 100.5 5,112 5,721
7LHong et al., 2008
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