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Land Cover Analysis in Mekong River Basin and
Chao Phraya Delta Using Remote Sensing Methods

Shigeo OGawA®, Atsushi RIKIMARU® and Yoshihiko NAKANISHI®

Abstract

Land cover and agricultural use in the Mekong and Chao Phraya basin in
Southeast Asia are analyzed by remote sensing. The Mekong River flows through
six countries and the amount of its water flow changes significantly between dry and
rainy seasons. In order to attain a sustainable land use and water use of the
Mekong River basin, land cover conditions in a wide area should be grasped. We
made an agricultural pattern map using seasonal MODIS composite data sets. We
classified agricultural areas into five categories: 1) rain-season cropping, 2) dry
season cropping, 3) two-season cropping, 4) multi-season cropping, and 5) bare land.

The Chao Phraya River flows through the center of Thailand. The Chao Phraya
Delta located along the lower Chao Phraya River is one of the greatest rice
granaries in the Asian monsoon area. In order to analyze land use conditions in the
Upper East Bank of the Chao Phraya Delta (UEB), the remote sensing analysis was
conducted using LANDSAT/ETM+ and LANDSAT/TM data. We classified paddy
fields in the UEB into five categories: 1) land preparation/planting, 2) harvested, 3)
nearly harvested, 4) growing in shallow water, and 5) growing in deep water
(floating rice).

Remote sensing technology has a good advantage to make land use maps and
agricultural pattern maps in wide area in Southeast Asia.
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AV PV FERBREATI VIR T YA TIX)e ERKBELR TNV FH 24 L, KEME
PILEIITbN b —F, WFE - EFEOIT 2 b5 A FNPHEET, WIIEEOTHLE) - FRE
BIRE L, WKL TIEOEEICHA T LI TH S (8, 1996 ; MRC, 2003). &% D
TE L7z A EKRERFHO-011E, BIEWOIEM IR R AR 22 Lo
AL R L% IEREICIER T A UNEDNH 5. & I, ko AR ameibsz &
RS B EARAEFER KGR O B L 2185 720, IRKBIC b7 5 A - AREEFMHAO
SMBRZITKOONDE., ZOL) GICEIATHE T — B LIELISHHES NS,

BET— 5 A EHBBEOBN I ARENTE 0BT HEFITIR NS, EH7T
TTTRE, BIZIEA Y FATTIZBWT, JICA DT HBAREEE T O 27 R EOH
BIZHWO N BIBmE SN T2 (EIBRIEER, 1980 1984 ; B, 1996). LHL
RS, KEHAOBERES DI LRI EHE SN Tn iy,

W7 VTIZBIT 5 REREIL, BERERS AT A% VRO ZIED SHED
RIKHRBEMBEBHE L TR ICEHTH Y, THAE, BEFRBOERZIEHEIZIEZ S
CEDETUETHA.

oW E - & # A A 2 2 v T, IGBP-DIS (International-Geosphere Biosphere
Programme’s Data and Information System) Ot ## BT X7 4 Tld 17 D4 EEE
DERE SN TS (Belward ed., 1996), Z#lZ 17HE (Croplands) DA TH Y, KHE
HOXF], FEKHTSKAHEEBKHOXG] & Vo 72l 7 BRIERSE S N,
T/, BT YT HIBOE L & L TYEFMIRO MEX R L T 598
(Gl - S48, 1999), THFIHKZEM ST vt #FI HO 45 2 E8AE S i
WEIZDWTIE, IGBP-DIS T#I# BT — & % G 2 T HEk X + ) B 4 7 —
FEEMLTEY, COBALREIIHBTHS., Zoficd, S FHy b F—4 %
HBRHGT A EICED, AT VREEDPA I VI THREBO LB BEREZERL TV 5
A% (MRC, 2003), ZOGEEHIZEVTH EH (Agriculture) 12 1HHTH 5.

KX TRBEHAEL L VOCBFOXMESEIL, KET I T7OAINBIUF v 4+ 7
TYNRBOGERT — 6714 T FIVIRITIZ & > TKEHOZEE Z L OVEF IR R 2
T GET L. 72, 4V FUFPEEEoFEH LA HE - SAFELXST5E L
b2, HHHAEICLVBONIFEREBBBICOWTEREIT).

A VNNIHEEFEE»OA Y PV FEERRTTIHET7 VT RABRDHIITH Y
(Fig. 1), BRI TWMBUTA IR EOFELE) - FREEHKE V- (BB HEEE, 199).
A3 V)T L & & LRI O 5 % IRIBIICIERT 5720, 1 Y FYFEE%
—EIZ, L2b3IREBEHBHT2 2 TR, EBNEEEDEV MODIS #HEF— ¥ %
FIF$%. MODIS #&21% 1999 FFIKENC L DITE LIPS N8 LWEHE T, EROAS
BRPETH -7z NOAA 7 — % £ 1) D HERIME DM B CREGE S, -8
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Characteristics:
Basin area : 795,000 km? (No.21*)
Main stream length : 4,800 km (No.12*)

Average flow : 15,000 m3/s (No.8*)
(*): The ranking in the world
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Fig. 1. Location of Mekong River Bain area

HEERSEATWA LD, BEBOBEICENTHS. £2T, L O MODIS 77— %
YHAWAZLIZXY, BEBEOEVIIERLTEBOGSEEITo /.
—ﬁ,&4$%%%ﬁTT%%wi7?¥mu&4%—@MMT5D,Tﬁﬁ@%fi
TIXFNIRET VTS A= HIBIZBITARO—KERTHS (Fig. 2). WEORE
A FHME LTEBSINRF YA 79y 7aY 227 + (RID, 1957) 12 & V) 53
e ThEE 2 o7z, Zo7uy s MK, BRVMEL OHRTHZE - B3 ICBRZ <K
Fite % BB, KRBESENS LD 12k o7 (Milids, 2000). %7z, BB TOREN
OFRVETIZE Y, FANDBRABRTBI L2051, KARIHEEZPTTWE., &6
2, RIBAOFEA > - FKA A HOHEREAKIBICHR L, BRI REEMMET Lk
WA P AERICZ > TS, 20 L) RO AL 2 HRICIEES 5 7
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O, FxA 7T VINGUIEOMATIZIE 30 m & FEREEATR < # 180 km DR THIM L T2 5
Yy TS EHNS.

2. XALINTHERICSE T3 T HETERRAT

2.1. ¥—%

RIR L7z & 912, AT YITFRRTIIRBE R E L BB HOBEEL 2R S 2
L FRREL, 8 HHAHMD MODIS Surface Reflectance 7— %t v M W2, ZHF—
& 1 Z2R 0 RE 500 m, TEAY 2330 km, AIHE~ERERINDO 7N R ) %2 5. ATl
20004E 2 AA5H 2001 FE 1 BE TOREI27T v — 2 AF L. ChH2HWAZ LIZLDY,
KRR DOFEHEALEZ KDL Z Lok A, T2, HFME T 5722012, EC-JRC
(European Community Joint Research Centre) %% SPOT/Vegetation %> 5 1Ef% L 72 GLC 2000

Chao Phraya River Basin
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~#- Dam - Chao Phraya River
Lee “Ba
® O e Kione ver o
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Fig. 2. Location of Upper East Bank of Chao Phraya
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(Global Land Cover 2000) % M\72 (JRC, 2001). COTF—%Z 1 km A v 2DF7—%
ThHb. T, Ty RVEDBERLE LL 0 FERL LEESEOLOIL, 2RO
I F4y FEIM +7—% (#FE0O#DbNI2H725 200145 A 8 HB L UEFOHET
H5203F2H7THBNOT—%) #HW.
2.2. BiTAE

SEOMEHTOF L Fig. 30N TH Y, ZOBELLTIIRT.

¥, 8 HRE%4 % &5 L7 MODIS Surface Reflectance 7— % v b % vy, AT
(VI: Vegetation Index) & #Mifg#% (BL Bare soil Index) D BHRA 5, HHAED0 %55
100 % F CEALT 2AEAB B EEE (VD: Vegetation Density) #FtET 5. i, BEf%
ERSAIT ALY, F 1 ERSIHERE WAESEBVIIERWE) ZKL, $
2 ERASEHMIEY (BHEEOHETBVIIEEWE) 2R, ok, XEITHAE
Felf, Yo oBHERE 8 ¥y FF—% (0 ~2550%HE) TRy &, MEHRBEHEEDO
225 100 % DM TIZIZES EICELT 28412 H 5 (Fig. 4).

COLIWEELEVDE A OOBMBE I ICRAKO VDEE 2O ORFMEE L1
(FRZERTE: 6 ~8 7, MFEHEE: 9~11 A, “Far¥:12~2 8, #FE¥:3~5H).
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Fig. 3. Procedure of making a land cover map in the Lower Mekong river basin
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Fig. 4. Estimation method of Vegetation Density

KRIZ, HE L7724 RO VDI L, GLC2000 X i L 7-F bk~ 2 7 7— % % Fv,
BRI, Kigie Zh DS (R EB) 1[2HB L7z, &o1, ABOARBEEE 7 7 4
VeRwT, BHERMBIIOWVWTI IAY —548 (Kmean i) Z L WV HERBERE
(VD) % 16 BEUCHE L, FHE S Bl % AL L 72 (Table 1), AW ER
BOBRNZ TP DR T T 57010, MEHBEEY 3BEE (0~29%, 30 ~59%,
60 ~ 100 %) 1253 TR L7z, TS OEMEEIH 5RO & 512 5 BEIEE L L 72,
AERBEFEPFHEZBL TRV SX (Tha8he LT, MARBEEEIHTEZ
B PRV 72 (TNENERLE), WBEEZRIIEVEN 225X (Thi
WEEFRAN), FH2E L CHARBRENS VY 52 (BHER), EFICHERE
BENENT I (FHERLED), THb,

I EIIFNT, 200145 H & 200342 AN T~ K4y M ETM + 57— ¥ % #kfifiZe L/4E
(ISODATA #:) X VL, HFHhELwFROL) O MBS EN % (ER L7, 28
HoOBERREE < NI 2 ATHAGLELZ EICL Y, Sl T B ESE 2 E L7,
T, INSOGEBRICOVTEHBALICL WRIEL 7.

2.3. &R

Table 1 1278 L2 X GIZHE, £ ¥ FYFLBELho BERRENSAIK % VK L 72
(Fig. 5). HMkis, Ak, Bz R 72 B 5 TSME, WESERES, ©5E, LUHED 4
BEICKG L7z, ShCEIUE, & A4 BILERRF v 4 77 VRSB 15k 2 B
HHAEHY, AAVTFNIRT L —LRBICSHERENEL /T2, LYy T
WA R TOXA T NTENCS T L F o MBENZOONL 2 &4 EREIET
x5,
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Table 1. Classification of farming pattern from Vegetation Density

Multi season croppin
Multi season croppin,
Multi season croppin
Multi season croppin
Multi season croppin
Multi season croppin

cl Mean Vegetation Density value in each class

ass - .

No. Rainy season Dry season Farming pattern

Jun.—Aug. | Sep.—Nov.| Dec.—Feb. | Mar—May

i 4.6 3.3 2.7 2.7 Bare land
2 14.6 5.1 6.4 Rain—fed area
3 8.9 3.5 Rain—fed area
4 10.9 9.1 Two season mixed
5 12.2 7.5 11.9 Rain-fed area
6 6.4 14.3 Rain—fed area
7 19.6 . 1 Two season mixed
8 : Multi season cropping
9 15.9 6.7 Dry season cropping
10 16.1 Two season mixed
11
12
13
14
15
16

Table 2. Reclassification due to two classified matrix

2001.5.8 0 1 2 3 4 5 6 7 8 9 |
out of water, forest, rainfed | recession assland wetlands, | wet soil, cloud field,
2003.2.7 area shadow shrub | paddy, field | rice (late) | B grassland | shadow urban

0! out of area |out of area| out of area |out of arealout of area| out of area jout of area| out of area jout of area| out of area |out of area

1 water water water grassland recession | recession | recession | recession rice | recession water recession
rice (early)| rice (late) | rice (late) |(late). wet land | rice (late) rice (late)
2 |forest. shrub|out of area recession forest, | recession forest, recession forest, recession | forest, recession
! rice (early) | shrub |rice (early)|recessionllate) rice (early)|  shrub rice (late) shrub  |rice (early)
field, recession recession forest, | recession | recession | recession | field, two | recession | recession | recession
3 : out of area| . . . . ) . . .
rice, field rice (early) | shrub |rice (early)| rice (late) |rice (early)| crops field |rice (early)| rice (early) |rice (early)
: . : . field, rain—fed
rain—fed field, rain— ] rain—fed recession '
4 out of area field field . field field, urban| paddy, sand [field, urban
paddy, field fed paddy paddy rice (late) bank
5 rassland |out of area field, rain- | forest, | recession | forest, rassland grassland, | grassland, cloud rassland
& fed paddy shrub |rice (early)| shrub g deforestation| wetland g
recession double deforestati| recession | recession | recession double recession | recession | recession
6 ) out of area S ) . . S . ) .
rice(late) cropping rice on rice (late) | rice (late) | rice (late) | cropping rice | rice (late) | rice (late) | rice (late)
recession forest. shrub. | o cession | recession | recession | recession | wetlands, | recession | recession | recession
) out of area| recession . . . . . . .
rice(early) reoloarly) | rice (ate) [rice (early)| rice (late) | rice (late) | grassland |rice (early)| rice (early) |rice (early)

WHEOIBHOT Ky FETM + 7 — % 2 ZNFNGHEL, M) 7 ATHAED
/HIEICEY, T URVEAO L FEM LB E SR E e L7 (Fig. 6). 2001
58 8 HO MM (%L 9IEHE, 20034E 2 H 7 HOAEE{RIL 7 HE 2 B 4EEE
B, CNUOHHEHEADOY M) v ARER L THEEE 2 RE L/ (Table 3). &
CC, B3, KHE (KAKH), Buk#EiO (11 B TH~ 1 RMRHEOREFORWEIZK
FEOMERH T E 2B H X)), ‘{‘ﬁ?kﬁ;ﬁ@ (1 BRI T SN 2R EHLX)
SE LT, BT RIBEON b F AT 2BERER L TV 58, EFEOT— 57215 T
X 2 BIED &) HREICIX BT E v & 5 KB REE (BAKBIO) & LTHBEL
7o, F70, B E )Ry Y ars A ADOKBID, 2EHT- Y EHWA Z LIZX D FES
m_E L7,
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Fig. 5. Land cover classification map in the Lower Mekong River Basin

water areas
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Fig. 6. Land cover classification map around Phnom Penh

NI | -El ectronic Library Service



The Japanese Geonor phol ogi cal Uni on

VE—bIEr YLD ATV FrF TIXTNIT O+ M ERT 229

Table 3. Crop Calendar of rice in Upper East Bank of Chao Phraya Delta

Type of rice Jul |Aug |Sep |Oct [Nov |Dec |Jan |Feb |Mar |Apr [May [Jun [Jul

@

High Yield Variety :
(Three times/year)

@
Usual Rice cultivate ﬂ <>

(Two times/year)

€)

Only One time/year P (no crop)
(Mainly floating rice) |

e

Landsat/ETM+ Landsat/TM
1999.11.16. 1993.12.27

PhoXiiz, 1RATHrELAHBRIEEO L BEHAEA TS, < )y
7 AT2RMOSTHEER ZHAGLELZ 2L, B HFAELZMETAI L
MTET.

MODIS 7—# b8 b /z4ER (Fig. 5) &9 Ky PETM +7F—7 6B 607
R (Fig. 6) # BT 5 &, SFIIEMETLR & SEERIO 5% oM@ I3iE—3K
LTwa, LaL, MindRaE, 7/ v RYEBTHBO/NSOWHEKT 2 7 H—E A H
72O, ZOWHDNLHER ERZE L CHABRBEE S L LTHEIhTY
7z, 7, MEORHGRLWELZERAROHEE C—H L 2wElor—HTRhon:z. Zh
IR DB NN T IV T) ALDEBNEIZL LD EEDNS.

2.4. HMRAEEREORE

MODIS BLUT ¥ FHy b TF =7 XN BONIERERIET 2700 VR T OREE
WAL VMR 3T BE LB E T/ (Fig. 5). B4 Y MART /) v R_RUHEH#
POBMEH I0km DT L2 b/ v MIEL OKEBHFE CHRBIERTE THE (F 2 V).
FRAYEIFBRAY Y 2NN LA TaL <y — Y 20BN E L, EERES
T Twd (B F W), BA 2 b CldnNy & NI TEE S 58I 21T
FE (RAKH) ##HTHY, BEETOEBELZEREEL LCaanTn/, AT
I 2 BRI DSIE e A E R K MEREDMT A e o7z, 2D X)L, EHZHMTHEL
TWARWDT, SHELICHMAELZ SICLVRETLILENH 200, ERBEY
R L 72RO R - THAHKEERTE 2 E2 5,

A B OB CIRAKDIEH Z A T iz, HEE KEEOXRE Lsh o7, ER
BT R IR TIEIKHVED E T 5 72 DN RIZIZIZTR B L bbb ), KOFED
TEHmZ IR 72BN 2 SRR T A TFETH 5.
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3. FAFTSVINFILERICE T BEN

3.1. =4

BT RBEIEF v 4TI Y TNV O LEEFE (UEB: Upper East Bank of the
Chao Phraya Delta, #J40kmx 100km) & L7z (Fig. 2). ZOHXIZHEAKIZE T,
2HIME - 3EAME: OB LTEEE BB L CW A TH AL, /D, MEOKD Y
LEZFEIZPIT TOLHBBEIRR ZRET 5720, BT 2 BoBE T —% (1999411
Al6 HEBlOT » F¥ v FETM +7—% £ 19934 12 B 27 HE WO F >~ F¥ v b TM
T—%) R,
3.2. #IAE

FRTFIEOBE L Fig. 7R3 L B) Thb. £7, BFEOT—, BlbHE, FHEI
DREZIZLY, KROEMFTRR AR L. 72, BiFTo®EL LT, EERDGIS
T HPERLEIHICT Y Py VTS OHBMIE L GIS 7— % OREEZFER L 72, K
2, 2RO T > Ny b7 -8 & K4 i LoodE (ISODATA ) L, #iEXIR03H el
BEORRERCGY L TP BSTELIT o7, EFOHBTVICH/E12H2THOT Y F
B b TM 7% Tid, Hk, &R, s RESILERHRI LR T W2 &, BZFI

~ L

Field survey, \ Test site map
/ hearing and / Landsat/ETM+ Landsat/TM (irrigation,
reference of drainage,
1 .11.16.
reports 996 6 1993.12.17. regulator etc.)
v I l
Geometric Geometric Construction of
correction correction GIS data
\ 4
v Unsupervised classification of

land cover classes
(farmland, forest, road, water
surface and etc)

Construction of
crop calendar

vy
Unsupervised classification
decision of paddy fields

(flooded, harvested, growing and
deep water paddy)
\ 4

I

Taking out test site area ‘

v

Cultivation map of
paddy fields

Fig. 7. Procedure of making a cultivation map of paddy field in Upper East Bank of
the Chao Phraya Delta
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AoTEDOL WEGESESNZZ &5, ISODATAHEIZL D 40 HEICAEL, £ tH
BRI (EH, FAH, ERE, K% FELl. SRBXOERMIIIZEASHKET
HY, TORBOFERREEZ11IAI6HDS ¥ F¥ v M ETM + 77— # 12X ) HHFHRAER
DRAS CENTER (1999, 2001) ®F— % #%%\208 L7-. 11 A 16 BIZWEOERRIIH 72
D, KHOKEDBENTEEDOBENE L TWE, T4b b RO KHCPUERE
HiEZ % L72KEREXRXBTAHI EDTE S,
3.3 R

Sk (UEB) OFEMFITI11ZE A EDKRETH Y, BFEDOLH (DRAS CENTER,
1999:2001), B XY B L OHMFALL S, fEHTOMRIZ3EEICTEI N, $74b
Y, O 3 [H#kE$ % High Yield Variety (BIEmfE) OEfFF, @F 2 RIFKE T H15E%E
B 7 AFRVERH T, G4 1 MFRE 4 5 KRS L FMOIES 1T Th 5 (Table 3). D3
HHESE VAL EE LK EESLETH Y, FICEFTHRPHEONLHBIZRES 0
L. Ok HRE L, AEHESS~6VALETHL. HETOKRELELTS
A3, DT ERDEMTRLL < vy, ORBKRIHCKEN 1 ~2 mBEEIZRY), Koa b
O — VSR WERHIICA SN S, NEIRO, OIZHTE.
SHEMFKIIKEIEEAETH Y, 19934E12H 27T HBH O >~ M4 v P TM 2 H7KH,
FEbk, ER - KBS L7z, RIS 1996 4F 11 B 16 HEM O 7 >~ K4 b ETM + 75
KRN % #hifize LadE L7z, FofER, AEIESHEE (2 B HOR D & 2B 2 AT 1A
BT L7z, PREDSRT L2k, PHEREOKE, £F~HERHOKEH, AFHT
VKRR 72 iE EoKH) (o (Fig 8). RE7— 7 lls /211 H16 H

[
- . -
—

Legend

Class_Names
flooded paddy.

planting paddy
havested paddy

nesr havest paddy

growing paddy
growing paddy deep water
watar body

shadow .water body
deforested Area Scale

canal and road ————ecun  Kilomaters
0 20

Fig. 8. Land cover and paddy field map in the Upper East Bank of the Chao Phraya
Delta (classified from Landsat/ETM+16 Nov., 1996)
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ZEORDOKENZH 720, 1AL v 55— 0 3FEFIZHT B &, BRICIVERIRT T 5 P,
A A CTHEAE O 7 WIREE, WHATEN T D720 28R L - REE, 2 M OXHh X Tk L
72ARRE, 2 [0l H OKFREME L 72 IREE, PQ0OHKXICH 5. QDMK IZABTH 0K CH
BORE ERETEDLONRETH L, T2, OOHKIIKIENSIEN-D, HETF—4¥
Mo AL EKENREVIKE (KA, FEfH) CTH5.

3.4 RHREBERENDEBE

HREOBINA & X272 555, UEB O—# % 2001 4£ 11 B 10 BISB& L 7-65 %, ki
DO~B T EZFROEFTRROENHER LN, bbb, OO (FF 3 EEMNIT) T
FEEICARZ DU LA & %2 LTV R KENE L ALK, $72, WHEOKRT L72KHD RS
N7z, ThoOMXIIEAKLTHOILEDERA 7% {, BBHAOKDERLLT VRIS
5EVRDH. @QOMIX (GF 2 BHERT) 3L DKEDD B KHEHE L K 30 cm F2EE),
B R~ M TR CEDN L IRETH - 72, @QOHIX 4 1 \EMT)
BARESERLS 1~ 1.5m), F/2, AEOFRPTHEIILTBSS, K25 30 cm 2
FEAKRES Tz, COKEAE LD S RS & KED S WEIE TR 2 5 KE 2TV IREE
T, Fig. 8™ Growing paddy deep water DH#i[X & —F L T\ 7z, @D ESH 3 XAV 12K
<, B AERRTIBE CHENTW L08R IS N WIKEEIZ 2 5T, 20k
T T 2 DO U CRAKAR, FERROKENLD > TWDE I L5 o7z,

DlEDiE R 6, UEB O CHIEE S A ILEAYE < EEAREIZ IV K E#E Tl 3 1
EDITDI, FEIKEED SBEN D 125> T 2 BIEDOKEDIED Y, HEKRINIE WX C
FXFENARVHTE O K H THRKRE, ZEMOBFEE S TOIHT2brs. KAED
(1989), il (1998) @ % A FUFEMIZGFERIC L UL, OIXEKREBRF VY 1 -
M, @OIZ7ny T, OQIRERFRHT CREEA) ITZIFHYT 5. KFE2KHIbE I
BWThH, MHIEIZE > TKEENFBRLR->TEBY, ZORLEERZESIELLEVZ D,
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BN L -8R (Fig. 5) &, BlHBEE B LR, 12T 420 L Ins .
T2, Ty AT IV AR OKFEF T IRIIT B KA DS >~ K4 b ETM +
T ERAHET A L) FEICEAR, EELKEHIE Th > THHMMBFICL 5T
VERHTRIEDSEE SN TWE Z L2 h o 7.
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